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The Investigation of 
Engineering Education 


On June 10, Dr. Jewett, National Secretary Hutchin- 
son and the undersigned met in conference with Messrs. 
Wickenden and Hammond, representatives of the 
Society for the Promotion.of Engineering Education, 
for the purpose of discussing the following findings and 
recommendations of the Board of Investigation and 
Coordination regarding Engineering Education: 

“1. There is no present need for the further multi- 
plication of degree-granting colleges of engineering. 
The moral influence of the colleges and of the national 
engineering societies should be used to discourage the 
multiplication of weak professional schools and to en- 
courage the growth of schools devoted to vocational 
training for junior and intermediate forms of technical 
work. 

“2. On the initiative of the S. P. E. E. the national 
engineering societies might properly cooperate with the 
colleges in defining an acceptable or recognized engi- 
neering college for the support of satisfactory educa- 
tional standards among the colleges and for the guidance 
of the societies in applying the provisions of their 
constitutions and by-laws which relate to conditions of 
admission to membership and the recognition of student 
chapters and branches. 

“3. Engineering colleges should be encouraged to 
give up the practise of awarding such professional 
degrees as “Civil Engineer,” “Mechanical Engineer,”’ 
and the like, for programs of academic work. On the 
initiative of the S. P. E. E. the national engineering 
societies might properly cooperate in recommending a 
basis for the awarding of professional degrees which 
would have the approval of the several professional 
societies and would be consistent with the requirements 
for entrance to a professional grade of membership. 

“4. There is a strong sentiment in the professional 
societies in favor of engineering curricula which are 
only slightly or moderately differentiated from each 
other. The program of undergraduate work in the 
colleges should emphasize largely the broad founda- 
tions of engineering and should assume that much of the 
special training needed for particular types of engineer- 
ing work should be obtained either by graduate study 
or in connection with active experience. 

“5. It is desirable that there should be a standing 
council on engineering education; that the initiative 


toward this end should originate in the S. P. E. E., as 
representing the colleges; and that the national engi- 


neering societies should accept the invitation, if given, 
to appoint representatives in such a council.” 

The several conferees expressed themselves as being 
in sympathy with the above propositions. It was re- 
cognized, however, that this attitude would not commit 
either organization in an official way. The propriety 
of having national organizations of the engineering 
industries represented in the joint advisory council on 
engineering education was discussed, it being the senti- 
ment that such representation would not be desirable 
at the outset because of the greater mutuality of interest 
existing between the professional societies and the engi- 
neering schools. 

This conference was in response to a letter addressed 
by our Past President, Dr. Charles F. Scott, to Mr. 
Calvin W. Rice, Secretary of the Joint Conference — 
Committee of the Founder Societies. I quote several 
passages from this letter: 

“During the past two and one-half years this Society 
(S. P. E. E.) has been engaged in a comprehensive 
study of engineering education. Its broad purposes 
have been to elevate educational and _ professional 
standards and to bring about a closer relationship be- 
tween the colleges, the engineering societies, and 
American industry. The Founder Societies have given 
support and rendered advice to this enterprise through 
a group of educational councilors. The societies have 
appropriated funds for conducting special studies of 
educational matters relating to the several major engi- 
neering fields. These studies have paralleled similar 
studies made by and in the colleges themselves. 

“The Carnegie Corporation has financed the enter- 
prise for a period of three years. We now approach the 
end of that period. Thus far we have secured the 
active and hearty cooperation of practically all of the 
engineering colleges and we have made a comprehensive 
and accurate analysis of the present and past state of 
engineering education. We have also reached definite 
conclusions upon which to base recommendations as to 
the future course of engineering education. It remains 
to put these recommendations into effect. We believe 
that the undertaking should continue beyond the stage 
of fact-gathering and analysis to which it has thus far 
been largely devoted and that its next stage should be one 
of effective action. We believe that the national engi- 
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neering societies should share with the colleges the respon- 
sibility for the support and direction of such effort. 

“To this end we hope we may obtain from the 
Founder Societies endorsement of our purpose to con- 
tinue the enterprise and to bring about constructive 
action. We therefore suggest that each of the Founder 
Societies participate in its financial support through a 
small appropriation. We feel that such support will 
be of great importance in two ways: first, in giving the 
societies a share in the direction of the enterprise, and 
second, in assisting us to obtain additional support 
from other sources. Since our undertaking has been 
essentially of the nature of engineering research it 
would seem appropriate for Engineering Foundation to 
aid in financing it by appropriation and assistance in 
obtaining contributions.” 

Dr. Jewett, Secretary Hutchinson, and the under- 
signed approved in principle Mr. Wickenden’s findings 
and agreed to recommend them to Board of Directors 
Ole AL. lh. Ey. 

The President of A. I. E. E. and its National Secre- 
tary attended a meeting of the Joint Conference Com- 
mittee called by Secretary Rice for June 15, 1926. 
At this conference the following resolution was 
adopted: 

Vorep: to approve the continuance of the research in the 
field of engineering education now being conducted by the 
Society for the Promotion of Engineering Education, which 
research would otherwise be terminated December 31, 1926, 
and each President in turn is to reeommend to his Board a small 
appropriation, say approximately ten cents per student in the 
_ respective branch of engineering corresponding to the field of 
endeavor of each of the four Societies. This would approximate 
annual appropriations as follows: 


American Institute of Electrical Engineers.............$1,800. 
American Society of Civil Engineers.................. 1,600. 
American Society of Mechanical Engineers............. 1,200. 
American Institute Mining & Metallurgical Engineers... 250. 


It is further understood that this approval is limited to a 
program which it is expected would be concluded within two 
years. 

This whole subject was laid before the Board of 
Directors of A. I. E. E. at its meeting at White Sulphur 
Springs on June 23. At this meeting, the following 
telegram was received and read: 


Society Promotion Engineering Kducation rejoices in splendid 
cooperation already accorded and the support now proposed by 
engineering societies and Engineering Foundation in movement 
to broaden develop and enrich engineering education. Con- 
vention at University of Iowa earnestly hopes governing bodies 
of societies will approve recommendations of their Presidents. 


(Signed) Charles F. Scott. 


The Board of Directors recommended to the Finance 
Committee of A. I. E. E. to provide in its budget for the 
years 1927 and 1928 appropriations of approximately 
$2000 for the support of the splendid enterprise 
in which the membership of A. I. E. E. is deeply 
interested. 


NOTES AND COMMENTS 


Journal A. I. E. E. 


I do not hesitate to endorse every sentiment in this 
matter expressed by our Past President, Charles F. 


Scott. 
M. I. PupPIN. 


Some Leaders of 


the A. I. E. E. 


H. B. Buck, twenty-ninth president of the A. I. E. E., 
1916-1917, was born in New York City, May 7th, 1873. 
He graduated from Yale University in 1894 with the 
degree of Ph. B. and received his degree of E. E. from 
Columbia School of Mines in 1895. The year 1895- 
1896 was spent as a student in the shops of the General 
Electric Company at Schenectady, and during this 
period, Mr. Buck did much experimental work 
on a-c. apparatus for the great scientist, Doctor 
Steinmetz. 

From 1896 to 1900, Mr. Buck was assistant to the 
chief engineer of the Lighting Department of the 
General Electric Company, Schenectady, in which 
capacity he had much to do with the introduction of 
high-tension, a-c. distribution in many of the large 
central stations of this country, he traveling extensively 
throughout the United States to accomplish this work. 
During that same period, he also had charge of the 
experimental work which led to the development of the 
oil switch and other high-tension devices which fur- 
thered power operation by alternating current. 

In 1900 he was chosen chief electrical engineer of 
the Niagara Falls Power Company and allied interests 
at Niagara, having entire charge of electrical engineer- 
ing in the design and construction of powerhouse 
No. 2, on the American side of the Falls and the Cana- 
dian Niagara Power Company’s plant on the Canadian 
side; also the terminal stations at Buffalo, and engi- 
neering in connection with the distribution of Niagara 
power in Niagara, Tonawanda and Buffalo. In 1906, 
in cooperation with Mr. E. M. Hewlett, at Niagara 
Falls, Mr. Buck carried on experimental work on high- 
tension insulators which resulted in the development 
and introduction of the suspension insulators now in 
universal use. 


Since 1908 Mr. Buck has been vice-president of 
Viele, Blackwell and Buck, New York City, engaged 
in the design and construction of hydroelectric and 
steam power plants and large transmission systems 
both in the United States and Canada. Among these 
might be mentioned work for the Great Western 
Power Company of California, the Appalachian Power 
Company, the Northern Ontario Light & Power Com- 
pany, the Great Northern Power Company and many 
others. . 

In 1925 the International Commission made him 
consulting engineer on the investigation of the develop- 
ment of some 4,000,000 h. p. at various sites on the 
St. Lawrence River between Ogdensburg and Montreal. 
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Regenerative Braking for Direct-Current 


Locomotives 
BY A. BREDENBERG, JR. 


Non-member, A. I. E. E, 


Synopsis—This paper gives a comparative study of several 
d-c., regenerative braking systems now in successful operation. 
The general characteristics of regenerative braking, including 
advantages, limitations and functions are briefly discussed. The 
principal points covered in the descriptions of the various systems 
are: method of field excitation during regeneration, compensation for 
sudden changes in line voltage or grade, method of control, operating 
characteristics and relative complication of equipment. 

Several systems are described in which the regenerating motor 
jields are excited by a separate generator provided for that purpose, 
and then other systems are described in which the fields are excited 
by one or more of the traction motors. Under the former heading are 
included C. M. & St. P. freight locomotive with a line driven motor- 
generator set for excitation, the Mexican locomotive with a dyna- 


motor-driven, motor-generator set for excitation and the axle genera- 
tor system. The applications described under the latter heading are 
the C. M. & St. P. gearless passenger, the Paulista and the Spanish 
Northern locomotives. 

A comparison is made of these two methods of field excitation, 
based on a six-motor, two-speed, 3000-volt locomotive. Curves are 
included illustrating the speed-braking characteristics and also the 
motoring characteristics. The conclusions drawn from this com- 
parison are that, in general, the separate excitation system is to be 
preferred on account of the greater braking effort and greater speed 
range provided. Since the motor excitation system can be pro- 
vided with less additional expense, it is desirable to consider 
this method when the expense of the separate excitation system does 
not seem justifiable. 


he is not the purpose of this paper to give an exhaustive 
discussion of the question of regenerative braking, 

but to make a comparative study of some of the 
systems now in successful operation on direct-current 
locomotives. 


GENERAL CHARACTERISTICS 


Whenever it is proposed to electrify a railroad, 
where grades exceeding 0.6 per cent form an appreciable 
part of the line, usually the possibility of applying re- 
generative braking is considered on account of its marked 
advantages. These are, briefly, as follows: (a) Re- 
duced wheel- and brake-shoe wear; (b) increased safety 
due to reduced tire heating and brake-shoe wear and to 
the fact that duplicate braking systems are provided; 
(c) higher average speed descending grades, since a 
very uniform speed can be maintained; (d) elimination 
of delays due to inspections, worn out brake shoes, etc.; 
(e) saving of power returned to the line, and (f) in- 
creased comfort to passengers as a result of the uniform 
speed and elimination of noises and shocks caused by 
the air-brake system. Against these advantages must 
be balanced the increased weight, cost, and main- 
tenance of the equipment. 

Although regenerative braking may be used to 
reduce train speeds to a certain extent, and systems have 
been designed to slow down a train or car to very low 
speeds, yet the primary purpose of this method of 
braking as applied to heavy traction service is to hold 
the train at a uniform speed on a given down grade. 
Regenerative braking should not be overemphasized 
as an emergency braking system. This method of 
braking can only be applied to the locomotive, whereas, 
in the air-brake system, the brakes may be applied to 


1. Railway Equipment Engineering Dept., General Electric 
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every car in the train. Therefore, regeneration does 
not replace the air-brakes or lessen their required 
reliability but it should be considered as a means of 
braking, supplementing the air-brakes with some very 
decided advantages as outlined. 

Of course, regenerative braking is_ particularly 
applicable to long heavy mountain grades and is 
generally used in such service because of its obvious 
advantages. It is applicable to comparatively light 
or short grades provided the results obtained are 
commensurate with the extra cost incurred. 

In order to raise the voltage of a d-c. series motor 
to make it return power to the line, it is necessary to 
excite separately the series field and to control this 
excitation so that smooth operation is obtained re- 
gardless of changes in line voltage or grade. 


METHODS OF FIELD EXCITATION 


There are two general methods of exciting the motor 
fields and both of these have been successfully applied. 
One method is by the use of a generator which may be 
driven by a motor operating from line voltage or from 
a dynamotor. Also, it might be mechanically driven 
from an idle axle of the locomotive. 

The other method is to use one or more of the traction 
motors to excite the fields of the remaining motors. 
This method may be sub-divided further according to 
the method of controlling the exciter field. Thus, in 
one case, the exciter field is controlled by contactors, 
resistors, etc., especially provided for that purpose, 
while in the other case, control of the exciter field is 
obtained by means of the same contactors and resistors 
that are used in accelerating the locomotive. 


C. M. & St. P. FREIGHT LOCOMOTIVES 


The method of exciting the regenerating motor fields 
by means of a motor-generator set operated from the 
line voltage was first put into commercial use on the 
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Chicago, Milwaukee and St. Paul 3000-volt freight 
locomotives. By reference to Fig. 1, which shows the 
regenerative connections of one-half of one of these 
locomotives, it may be seen that the exciter is so con- 
nected that the exciter armature current is the sum of 
the motor field current and the regenerated current. 
Control of the exciter field is obtained by means of a 
motor-operated rheostat, automatically controlled by a 
current-limit relay which is connected in the exciter 
armature circuit. The current-limit relay thus is 
responsive to the sum of the motor armature and field 
currents. Control of the braking speeds is obtained by 
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Fig. 1—Dz1acram or C. M. & St. P. Freigut Locomotive 


changing the setting of the current-limit relay by means 
of the braking handle on the master controller. 

Compensation for sudden surges in current, due to 
changes in line voltage or grade, is obtained by a 
combination of several factors, viz., the differential 
series field of the exciter, the exciter armature reaction, 
and the resistance drop in the exciter armature circuit. 
For example, assume a sudden decrease in line voltage. 
This will tend to rapidly increase the regenerated cur- 
rent and consequently the current through the exciter 
armature. The compensating factors will then operate 
as follows: The differential series field and the exciter 
armature reaction will tend to weaken the exciter field 
and reduce the exciter voltage, thus reducing the motor 
field current, while the increased resistance drop will 
cause the exciter armature circuit to absorb more of the 
exciter voltage and thus further reduce the field current 
and generated voltage of the traction motors. Like- 
wise, a sudden decrease in regenerated current will be 
compensated for in just the opposite manner. Thus, 
the inherent characteristics of the exciter circuits 
prevent excessive surges of current and torque and 
allow time for the circuits to readjust themselves to the 
changed operating conditions. 


MEXICAN LOCOMOTIVES 
Another application of the method of exciting the 
motor fields by means of a separate motor-generator set 
is that of the Mexican Railway, 3000-volt locomotives. 
In this case, the regenerative exciter is driven by a 
1500-volt motor, which is connected to the mid-point of a 
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3000/1500-volt dynamotor. Connections for this loco- 
motive are shown in Fig. 2. Here the exciter carries 
the motor field current only. Control of locomotive 
speeds is obtained by adjusting the exciter voltage by 
means of a variable resistance in the exciter field circuit. 
This adjustment is obtained directly by means of the 
braking handle of the master controller. 


Compensation against sudden surges in line current 
is provided for by balancing resistances which carry the 
sum of the field and armature currents. Thus, if 
the line voltage drops suddenly, it will tend to produce 
a rapid increase in regenerated current. The increase 
in current causes an increased voltage drop across the 
balancing resistance which causes a decreased voltage 
and current in the motor field circuit. This reduces 
the regenerated voltage of the motors, thus preventing 
an excessive change in regenerated current. Similarly, 
when passing from one control step to another, the 
balancing resistance aids in producing smooth operation 
by reducing current and torque increments between 
steps. 


COMPARISON OF C. M. & St. P. AND MEXICAN 
LOCOMOTIVES 
By comparing these applications, it will be seen that 
in one case the exciter carries the sum of the motor 
armature and field currents while in the other case the 
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Fig. 2—Dr1acram or Mexican LOcoMOTIVE 


exciter carries the field current only. This means that, 
in the latter case, the exciter armature current will be 
halved. At the same time, the exciter voltage will be 
increased as the exciter must overcome the voltage 
drop in the motor fields and also in the balancing 
resistance. Experience has demonstrated the fact, 
however, that the drop through the balancing resistance 
can be held to such a value that the net result is a 
reduction in kilowatt capacity required of the exciter. 
In the first system described compensation is ob- - 
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tained by means of exciter differential field, armature 
reaction and resistance drop. In the second system, a 
resistance alone is used since tests and operating data 
have demonstrated that a very effective compensation 
can thus be provided. The second system will tend to 
be less efficient on account of the losses in the balancing 
resistances. .A much simpler control is thus provided, 
however, and furthermore it is very easy to make ad- 
justments by providing taps in the balancing 
resistances. 

Compared with the other type, the system used on 
the Mexican locomotives has the characteristic of rela- 
tively small changes in speed with regard to changesin the 
braking effort required. The result is that changes in 
grade or curvature will cause smaller speed changes in 
this case than in the C. M. & St. P. System. In brief, 
the Mexican system tends toward a constant speed 
characteristic while the C. M. & St. P. System tends 
toward a constant torque characteristic. 


The ideal characteristic for regenerating motors 
would be a characteristic similar to that obtained in 
motoring operation with a series motor where the 
armature and field currents are equal throughout the 
operating range. This would give a very stable 
electrical characteristic but an extremely unstable 
speed characteristic, as the braking effort would decrease 
very rapidly with increases in speed. 

The ideal characteristic from a mechanical stand- 
point would be one in which the speed on any controller 
notch is held constant regardless of changes in braking 
effort required. Such a characteristic would be 
approximated with constant field excitation. Such a 
system would be very unstable electrically, however, 
as very large changes in armature current would occur 
with small changes in speed. This would be par- 
ticularly undesirable at high speeds on account of the 
relatively weak fields required. 

In practise, a compromise must be made between 
these two extremes. From the standpoint of train 
operation, it is very desirable to obtain a uniform speed 
for any given controller notch. Some speed variation 
must be allowed, however, in order to obtain the de- 
sired stability of the motors. Such is the case with the 
two systems described above. In each case, for any 
given controller notch within the regenerating range of 
the motors with increases in speed a sufficient increase in 
braking effort is obtained to give mechanical stability, 
but, at the same time, the speed regulation is not 
made so close as to sacrifice the desired electrical 
characteristics. 

With the more constant speed characteristic of the 
system used on the Mexican locomotives, very little 
manipulation of the master controller is required to hold 
the train at a practically constant speed. This has 
been demonstrated in actual operation on the Mexican 
Railway. The electrified section of this railway is 45 
kilometers long and regeneration is obtained for about 
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two-thirds of this distance, the grade being about 4.7 
per cent the greater part of the way. 

The principal advantage of the Mexican system is its 
simplicity. Compensation for line-voltage changes is 
obtained by means of a simple resistance, and control 
of the regenerating speeds is obtained by hand control 
of a resistance in series with the exciter field. No 
relay or motor-driven rheostat is used. This will 
reduce the first cost of the system and keep the main- 
tenance reauired down to a minimum. 


DEVELOPMENT OF METHOD OF CONTROL OF EXCITER 
FIELD 


The steps in the development of the method of con- 
trolling the exciting generator field included experiments 
with the sensitive type of regulator used with station- 
ary units. Later, the motor-operated field rheostat was 
used and finally direct hand control of the field was 
adopted, compensation against voltage and speed 
fluctuations being obtained by the inherent character- 
istics of the motor field circuits without the addition 
of any regulator or moving parts. 


AXLE GENERATOR SYSTEM 


The axle generator system may be considered as a 
motor-generator set system in which the motor of the 
motor-generator set is replaced by the axle driving 
mechanism. The same method of control may be used 
in either case. 

The principal differences between an axle generator 
system and the corresponding motor-generator set 
system are that the axle generator is necessarily aslow- 
speed machine, it varies in speed with the speed of the 
locomotive, and the driving torque of the axle generator 
is available to aid in braking the train. 

Assuming that the same connections are used for an 
axle generator system as are used on the Mexican 
locomotive (Fig. 2), it may be readily seen that, with an 
increase in speed due to an increase in the grade, the 
regenerated voltage and current will tend to increase 
due to the increase in speed of the motors themselves 
and also to the increase in speed of the axle generator 
which thus tends to increase the motor field current. 
This helps to give a very close speed characteristic 
for any given excitation of the axle generator field, such 
being desirable provided the electrical stability of the 
motors is not lessened. 

Regarding the added braking effort of the exciter, 
this might prove an advantage in freight service where 
it is often desired to handle a considerably heavier train 
down grade than could be hauled up the same grade by 
one locomotive. In this case, however, it will probably 
be necessary to use the air brakes on the train in con- 
junction with the regenerative braking so that little 
would actually be gained from the additional braking 
effort obtained from the axle generator. Furthermore, 
there must be an idle axle available to drive the exciting 
generator. This is usually the case with passenger 
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locomotives. On freight locomotives, however, there 
are very often no idle axles, as illustrated by the 
Mexican and Spanish Northern locomotives and the 
Paulista freight locomotives, where every axle drives a 
traction motor. 

Another limitation of the axle generator is that, due to 
its low speed, it must be of relatively large size. In 
addition, it must deliver practically the same output 
over a wide range of speeds, which will tend to com- 
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promise the design and complicate the control. Further- 
more, the axle generator is mounted close to the track 
and thus is subject to more abuse, dust particles, etc., 
than a generator mounted in the locomotive cab. 


C. M. & St. P. GEARLESS PASSENGER LOCOMOTIVES 

In order to eliminate the use of a separate generator 
for field excitation, the method of using one or more 
traction motors as a regenerative exciter was developed. 
The first application of this system to heavy-traction 
service was on the C. M. & St. P., 3000-volt, gearless, 
passenger locomotives. Fig. 3 shows the regenerating 
connections for one-half of the locomotive. The two 
halves may be operated in series or in parallel when 
regenerating so that two combinations of regenerating 
motors are obtained, one with eight motors in series 
and the other with two parallel groups, of four motors 
in series, in each., In each six-motor group, two of the 
traction motors are used to excite the fields of all six 
motors. Control of the excitation is obtained by means 
of a variable resistance, which shunts the fields of the 
exciting motors. This resistance is adjusted by means 
of contactors controlled by the braking handle of the 
master controller. 

From the connections, it will be seen that the sum 
of the field and armature currents of the regenerating 
motors passes through the two exciter armatures which 
are connected in multiple and that an external resistance 
is connected in series with each of the exciter armatures. 
This system thus provides an inherent regulation 
against line-current surges which is in effect a combina- 
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tion of the C. M. & St. P. freight and the Mexican 
systems. That is, the sum of the armature and field 
currents of the regenerating motors passes through 
balancing resistances and also through the exciter 
armatures. An effective means of compensation against 
surges is thus provided. 

A further simplification of the apparatus required 
for regeneration may be obtained with the traction- 
motor exciter system by using the same resistances and 
contactors for controlling the exciter during regenera- 
tion that are used during acceleration of the locomotive. 
This system is now in successful operation on the 
Paulista locomotives (four-motor, 3000-volt) and on 
the Spanish Northern locomotives (six-motor, 3000- 
volt). On the Paulista locomotives, one traction motor 
is used to excite its own field and the fields of the other 
three motors which are connected in series to the line. 
On the Spanish Northern locomotives one traction 
motor is used to excite its own field and the fields of the 
other five motors which are connected in series to the 
line. 

PAULISTA LOCOMOTIVES 


Fig. 4 shows the schematic connections of the Paulista 
locomotive both motoring and regenerating. It will be 
seen that there are two motor combinations motoring, 
one with all four motors in series with 750 volts applied 
per motor and the other combination with two groups 
of two motors in series in each with 1500 volts applied 
per motor. There is one regenerating combination with 
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the three regenerating motors connected in series with a 
normal voltage of 1000 volts per motor. By referring to 
the resistance symbols it will be seen that part of the 
accelerating resistance is connected in series with the 
regenerating motors. This resistance is used in con- 
necting the motors to the line when establishing the 
regenerative connection. It is short-circuited during 
regeneration. The remainder of the accelerating re- 
sistance is connected in the motor field circuit and is 
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thus used to control the regenerative operation. Some 
additional resistance and additional contactors are 
required but it is to be noted that an appreciable 
saving in equipment is made by using the accelerating 
resistance and contactors for control of the exciter field. 
Practically the same method of compensation for line 
current surges is used as on the Mexican locomotives. 
A balancing resistance is connected in the circuit so as to 
carry the sum of the line current and the exciter field 
current. This exciter field current is also part of the 
regenerating motor field current so that the compensa- 
tion is obtained in two ways; directly by the effect of 
the balancing resistance on the regenerating motor 
fields, and indirectly by the effect of the balancing 
resistance on the exciting motor field. 


SPANISH NORTHERN LOCOMOTIVES 


On the Spanish Northern locomotives there are two 
motoring combinations, one with all six motors in series 
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with 500 volts applied per motor and the second with 
two parallel groups of three motors in series in each 
with 1000 volts applied per motor. Fig. 5 shows the 
regenerating connections of this locomotive. One of 
the six motors is used to excite its own field and the 
fields of the other five motors which are connected 
in series to the line with a normal voltage of 600 volts 
per motor. The regenerating system is otherwise 
identical with that of the Paulista locomotives. 


COMPARISON OF METHODS OF FIELD EXCITATION 


In order to obtain a comparison of the system using a 
separate generator for field excitation and that using 
traction motor excitation a study was made of the 
operating characteristics of a locomotive similar to the 
Spanish Northern, six-motor, two-speed, 3000-volt 
locomotive as compared with the same locomotive 
with a motor-generator set for field excitation. For 
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motor excitation, then, there will be one regenerating 
combination with one traction motor exciting the other 
five, all connected in series. For separate excitation 
there will be two regenerating combinations, one with 
all six motors in sevies and the second with two parallel 
groups of three motors in series in each, these combina- 
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tions being the same as those obtained while motoring. 
In comparing the operating characteristics of these 
two systems of regeneration, the main points to be con- 
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sidered are as follows: range of operating speeds, train 
weights which may be handled, slope of grades, mileage 
on which regeneration can be used, and reliability. 
Figs. 6 to 8 inclusive illustrate the speed-braking 
effort characteristics obtained with the two systems. 
Figs. 6 and 7 give the relation between speed and 
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braking effort for each step of the braking handle-on the 
master controller, and Fig. 8 is a composite diagram 
which shows the range of speeds and braking efforts 
which may be obtained in each case. The shaded 
areas in Fig. 8 give the continuous operating ranges 
while the unshaded areas give the ranges within which 
the locomotive may regenerate for short periods. This 
diagram also shows the speed-traction effort curves 
for motoring operation in each of the two motoring 
connections. In each case the full field and two 
reduced field characteristics are given. The tractive 
effort and speeds at the continuous current rating are 
also indicated. 

Two regenerating speed ranges are obtained with the 
separate excitation system whereas one speed range is 
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obtained with motor excitation, this latter speed range 
being intermediate to the two speed ranges with 
separate excitation. 

In analyzing these curves, it is to be noted that with 
the same line voltage, the same motor combination, and 
the same armature and field current, a slightly higher 
speed will be obtained when regenerating than when 
motoring. The reason for this is the reversal of the 
effect of resistance drop in the motor circuits. Under 
the same conditions the braking effort regenerating will 
be appreciably greater than the corresponding tractive 
effort motoring on account of the reversal of the effect 
of the motor losses on the torque at the driving wheels. 
Furthermore, with a given torque at the driving 
wheels, it will be possible to handle a considerably 
heavier train down grade than up grade since the train 
and curve friction oppose the locomotive ascending 
the grade while they assist the locomotive when 
descending. 

With the separate excitation system, therefore, the 
regenerating speeds will be a little higher than the 
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motoring speeds with the same motor combination, 
voltage, and currents. With motor excitation of fields, 
in this particular case, the regenerating speed at the 
continuous-current rating of armatures and fields will 
be about 70 per cent of the corresponding motoring © 
speed. As a rule, the double-speed range is to be 
preferred unless it is desired to descend the grade at a 
lower speed than used in ascending. In the latter case 
the speed range of the motor excitation system will 
probably be more suitable. 

From an analysis of the curves, it may be seen that 
for a given armature and field current of the regenera- 
ting motors a greater braking effort is obtained with the 
separate excitation system than with the motor excita- 
tion system. The reason for this is that, in the former 
system, the full braking effort of all six motors is avail- 
able while in the latter the full braking effort of five 
motors is available and a fraction of the full braking 
effort of the exciting motor. The result is that greater | 
train weights can be handled down a given grade with 
the separate-excitation system than with the motor- 
excitation system. 

The following conclusions in regard to operating 
characteristics may be stated as a result of the com- 
parison of these two systems: 

1. With motor excitation in general, on all grades, 
the same train can be handled down hill as up hill, but 
at reduced speeds. This reduction in speed will be 
comparatively small for light grades but will increase 
as the grade increases. 

2. With separate excitation at continuous current, 
armatures, and fields, a considerably heavier train may 
be handled down hill than up hill and at a slightly 
greater speed. The percentage difference in the size of 
the train thus handled decreases as the grade increases. 

3. With separate excitation, a train may be handled 
down grade at a considerably higher speed than this 
train can be hauled up the same grade, assuming that 
the safe operating speed is not exceeded. The per-. - 
centage difference in these speeds decreases as the slope 
of the grade increases. 

This study indicates that motor excitation may best 
be applied to a line with comparatively light grades; 
é. g., one and one-half per cent and under. It will still 
be applicable to heavier grades if these grades are 
short and little time is lost on account of slower speeds, 
or if the slower speed obtained will not handicap the 
schedule speed desired. 

Regeneration with separate excitation is particularly 
applicable to heavy grades; e. g., two per cent and over, 
when the length of these grades is an appreciable part 
of the total length of the line. It is also preferable to 
use this system for lighter grades when it is necessary 
to take advantage of the highest speeds possible down 
gerade. 

Concerning reliability of operation, there will be little 
difference if any, between the two systems, assuming 
that the same rugged type of equipment is used in each 
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case and that the same method of compensation is used 
as has already been described. 

It is evident that the additional expense of providing 
for regeneration is less with motor excitation than 
with separate excitation since in the former case less 
additional equipment is required. 

It is to be noted that the foregoing comparison covers 
the specific case of a two-speed, six-motor locomotive. 
The same general considerations would apply to a 
similar comparison for any two-speed locomotive. 
For locomotives with more than two motoring speeds or 
combinations, there will be cases wheremotor excitation 
cannot be so readily applied on account of the limited 
speed range which can be obtained. This would be the 
case, for example, with a three-speed locomotive such as 
the Mexican locomotive. The logical regenerating com- 
bination in this case would be that:of one motor acting 
as an exciter for the other five motors in series. The 
speed range thus obtained would be quite low in com- 
parison with the highest motoring speed which is ob- 
tained with three parallel groups of two motors in 
series in each. Other combinations could be worked 
out for this type of locomotive, but with a reduction in 
braking torque which would, of course, be undesirable. 
To other types, such as the C. M. & St. P. gearless 
passenger locomotive, motor excitation can be more 
readily applied. This locomotive has four motoring 
combinations; viz., with twelve, six, four and three 
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motors in series across the line. Two regenerating com- 
binations are obtained with eightregenerating motorsin 
series and two parallel groups of four motors in series. 
Thus, a better speed-range regenerating is obtained 
than with the six-motor, three-speed locomotive cited 
above. 

It is not within the scope of this paper to discuss all 
possible combinations to which motor excitation may 
be applied. From the foregoing discussion, however, 
the conclusion may be drawn that this type of regenera- 
tive braking may be readily applied to two-speed 
locomotives in general and in some cases to locomotives 
with a greater number of motoring combinations. 

In the foregoing discussion, it has been attempted to 
present the characteristics of certain types of regenera- 
ting systems which have been successfully applied to 
d-c. locomotives. In general, it may be stated that a 
system with a separate generator for excitation of the 
motor fields is to be preferred as this gives the same 
motor combinations regenerating as motoring and 
furnishes the full torque of each motor for braking the 
train. Since the motor excitation system can be 
provided with less additional expense, however, it is 
desirable to consider this method when the expense of 
the separate excitation system does not seem justifiable. 
In any application, before a decision is reached as to the 
type of braking system to be used, a thorough study 
should be made of all the contributing factors. 
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Synopsis.—A method of isolating grounded sections of extensive 
feeder networks supplying power to railways without disturbing the 
power supply to other sections has long been desired by railway 
engineers. This has been successfully accomplished by utilizing the 
inherent characteristics of the magnetic type of high-speed circuit 
breakers in the manner described in this article. These character- 
istics are (a) high-speed operation, (b) discriminating characteristic, 


(c) reduction in trip point with reduction in line voltage, (d) polar 


ized characteristic. 
A description of an experimental investigation on an equivalent 


network for a representative section of feeder system, made up by 
using reactors and resistors, has been given. Complete selective 
operation, isolating defective feeder without disturbing the power 
supply to interconnected feeders, was obtained for all locations of the 
short circuit. 

Breakers of the type used successfully on d-c. networks can be 
applied to a-c. networks and the advantages of high-speed protec- 
tion realized on this type of system. High-speed operation is very 
effective in reducing telephone interference during short circuits on 
the a-c. railway system. 


INTRODUCTION 


HE development of the high-speed circuit breaker 
and its application to the d-c. railway system has 
contributed greatly toward reduced maintenance 

and increased reliability of the power supply of this sys- 
tem. The effectiveness of the high-speed operation of 

1. Railway Equipment Engineering Department, General 
Electric Co., Schenectady, N. Y. 
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this device in reducing the duration of short circuits 
and limiting the current, thereby eliminating flashovers 
of commutating apparatusand reducing the damagefrom 
arcs at points of fault, has been well recognized for a 
number of years. The elimination of flashovers and the 
reduction in the damage to windings of motors and 
other apparatus, connecting cables and mechanical 
equipment coming into contact with fallen contact 
lines or faulty cables, has reduced to a minimum the 
duration of power interruptions from this source. 
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With a few minor exceptions, high-speed circuit 
breakers applied to d-c. railway networks have been of 
the magnetic type, one form of which is shown by Fig. 1. 
This type involves the principle of a contact arm held 
in the closed position against a strong spring by a 
holding armature across the poles of an electromagnet. 
A tripping coil is interposed between the holding coil 
and the armature and is so connected that current 
through this coil exerts a m. m. f. to reduce the flux in 
the retaining armature, at the same time increasing 
the flux through a suitable magnetic by-pass circuit 
without an appreciable change in the flux through the 
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core of the main holding coil. As the tripping current 
is increased, the flux is shifted in this manner from the 
holding armature to the magnetic by-pass circuit 
without the necessity of changing the flux interlinking 
the main holding coil. The effectiveness of this ar- 
rangement is such that the armature is released practi- 
cally instantaneously when current in the trip coil 
reaches a predetermined value, regardless of the rate 
at which this current is increasing. 

There are certain inherent characteristics in this type 
of circuit breaker which introduce possibilities for 
selective operation between breakers applied to a d-c. 
railway network, in case of short circuits, in such a way 
as to isolate defective feeder sections without the inter- 
ruption even momentarily, of the power supply, to 
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interconnected sections. The results obtained by 
proper utilization of these characteristics are com- 
parable to those obtained on the usual a-c. networks by 
selective relay systems of the various well-known types. 

The remainder of this article furnishes a detailed 
explanation of these characteristics and the methods of 
utilizing them, together with a description of the results 
obtained during an experimental investigation on a 
representative network. 


CHARACTERISTICS OF THE MAGNETIC TYPE HIGH- 
SPEED CIRCUIT BREAKER 


The following inherent characteristics of the magnetic 
type of high-speed circuit breaker contribute most to 
the solution of problems of selective operation on a 
d-c. railway network: 

a. High-speed operation 

b. Discriminating characteristic providing a reduc- 
tion in the trip point during a rapid current rise 

ce. Reduction in trip point with a reduction in line 
voltage 

d. Polarized characteristics. 


I. HIGH-SPEED OPERATION 


In order to fully protect commutating apparatus in 
the d-c. railway substation, machine breakers must 
operate sufficiently fast to prevent flashover in case of 
short circuits inside of the station. While short cir- 
cuits inside of station feeder breakers occur infrequently, 
without high-speed operation of protecting breakers, 
the current is relatively great and the resultant damage 
to substation apparatus is likely to be serious. This 
consideration automatically precludes the use of relays 
or any other selective system which delays the operation 
of such circuit breakers even slightly under short-cir- 
cuit conditions. 

The selective operation of the magnetic type of high- 
speed breaker is based upon an arrangement whereby 
the current is limited by the breaker or breakers supply- 
ing the faulty feeder directly, before the trip point of 
similar breakers supplying interconnected feeders, 
or the machine breakers in the substation is 
reached. During d-c. transients with an initial current 
rise of hundreds of thousands of amperes a second, the 
speed of operation of the breakers feeding such a short 
circuit must be relatively high. This is essential in 
order that advantage may be taken of conditions or 
arrangements whereby the trip current of one breaker 
is reached in advance of the others. These breakers 
must operate fast enough to limit the current before 
the trip point of the remaining breakers is reached. 
The speed of operation of the magnetic type of high- 
speed breaker designed to operate sufficiently fast to 
prevent flashovers of commutating substation apparatus 
is sufficient for such an application. 


Il. DISCRIMINATING CHARACTERISTIC 


The discriminating characteristic of themagnetic type 
of high-speed circuit breaker is obtained by connecting 
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an inductive shunt in multiple with the tripping coil, 
the total current through the breaker being distributed 
between these two circuits. The distribution of a 
slowly rising current between the trip coil and shunt is 
determined by the resistance, (and of a rapidly rising 
eurrent by the inductance,) of the two parallel circuits. 

The trip point of a circuit breaker so equipped can 
therefore be made a function of the rate at which the 
current is increasing. 


CALCULATIONS OF CURRENT DISTRIBUTION BETWEEN 
TRIPPING CoIL AND ITs SHUNT 


Where the constants of the external circuits are 
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Fic. 2—GRAPHICAL REPRESENTATION OF THE RESISTANCE 
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IN SERIES WITH A FEEDER 
known, the current through the trip coil at any instant 
can be calculated as follows: 

Referring to Fig. 2, 
L, = Inductance of tripping coil 
L, = Inductance of tripping coil shunt 
= Inductance of the external circuit 
R, = Resistance of tripping coil 
R, = Resistance of tripping coil shunt 
R = Resistance of external circuit 
I, = Final current external circuit 
E/R where E applied voltage 
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The time of maximum J, can be found from the relation: 
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The curves of Fig. 6 were calculated in this manner. 


log io 


TRANSIENT CURRENTS DURING SHORT CIRCUITS AND 


UNDER NORMAL LOADS 


The ratio of inductance to resistance of the usual 
railway circuit fed by a given circuit breaker involving 
the motors of cars or locomotives under maximum nor- 
mal load conditions is usually considerably higher than 
that of the feeder circuit alone when a short circuit 
occurs at the maximum distance from the circuit 
breaker. A typical comparison is shown by the curves 
of Fig. 3. By taking advantage of this difference the 
magnetic type of high-speed circuit breaker can be 
equipped with an inductive shunt proportioned to trip 
the breaker at current values considerably lower than 
the steady load setting with a short circuit through the 
maximum length of feeder without danger of too 
frequent operation by transient currents encountered 
under normal load conditions. 

In addition, the mechanical speed at which the mag- 
netic type of circuit breaker opens after the trip point 
is reached is affected, to some extent, by the amount 
the trip coil current is increased in excess of that re- 
quired for tripping the breaker. The force for accel- 
erating the contact arm of the circuit breaker is the 
difference between the tension of the main springs and 
the holding effect of the armature flux. As the current 
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through the tripping coil is increased, a greater resultant 
force is available for accelerating the contact arm 
mechanically. The curve of Fig. 4 shows this relation 
between the force available for accelerating the contact 
arm and the current through the trip coil. 

The inductive shunt in multiple with the trip coil is, 
therefore, not only effective in reducing the trip point 
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of the circuit breaker under short circuit conditions, but 
is also effective in forcing a greater percentage of the 
line current through the trip coil after the trip point is 
reached with a consequent greater mechanical speed of 
operation of the circuit breaker under conditions where 
selective operation is desired. 

A breaker of this type can be made to operate fast 
enough, in many instances, to limit the maximum cur- 


rent during a short circuit to a value below the normal ° 


overload setting. Such a breaker will ‘“‘discriminate”’ 
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between normal overloads and short circuits, and this 
characteristic is frequently referred to as the discrimi- 
nating characteristic of the circuit breaker. The 
amount of discrimination is limited only by the transient 
currents, encountered under normal load conditions. 
This discriminating characteristic contributes greatly 
to the selective operation between breakers, both in 
substations and in the complete feeder network. 
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SELECTIVE OPERATION BETWEEN FEEDER AND 
MACHINE BREAKERS 


For selective operation in the substation, it is the 
practise to equip the feeder breakers with inductive 
shunts which impart a decided discriminating character- 
istic. The high-speed breakers for machine protection. 
have no discriminating characteristic; that is, their trip 
point is independent of the rate at which the current is 
rising. A short circuit on the feeder of a substation so 
equipped, in most cases, will be cleared by the feeder 
breaker without tripping the machine breakers and 
interrupting power to the station bus and other feeders. 
This statement applies for a majority of short circuits 
where only one machine is operating in the substation 
and both machine and feeder breakers carry the same 
short-circuit current because of the reduction in trip 
point and faster operation of the feeder breaker. 

Where the total machine capacity connected to ‘the 
station bus is considerably in excess of the capacity of 
the feeder as is usually the case during important traffic 
periods of the large systems, short circuits within several 
hundred feet of the station on the ordinary feeder will 
open the feeder breakers without operating the machine 
breakers. 


SELECTIVE OPERATION BETWEEN BREAKERS IN THE 
EXTERNAL NETWORK 


By examining Fig. 5, the function of the discrimina- 
ting breaker in the external net work may be better 
understood. 

Nos. 1, 2, 7, and 8 are substation feeder breakers and 
Nos. 8, 4, 5, and 6 are sectionalizing tie breakers. 

Assuming a ground occurring at S on feeder B near 
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the tie station, the rate of increase of current and the 
current at any instant through breaker No. 3, due to 
the short circuit, will be the sum of currents through the 
three breakers, Nos. 1, 7, and 8. Breaker No. 3 will, 
therefore, trip at a very much lower value than that 
required to trip either of the three breakers Nos. 1, 
7, or 8, and will operate fast enough to limit the total 
current to a value considerably below the total required 
for tripping any of these three breakers feeding the 
short circuit through the tie station. 

The short circuit, under such a condition, will be 
cleared by breaker No. 8 at the tie station and breaker 
No. 2 at the substation without interruption of power 
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to feeders A, C, or D. The discriminating character- 
istic is effective under these conditions in reducing the 
trip point and in speeding up the operation of breaker 
No. 3 so that the short-circuit current is limited to a 
value considerably below that necessary for tripping 
the other feeders. 

It also reduces the trip point of breaker No. 2 suffi- 
ciently to operate it even though the resistance of the 
feeder limits the current to a value below the steady 
overload setting. 

It can be stated in general that as the number of 
feeders interconnected through a tie station is increased, 
the selective operation between the breakers feeding a 
short circuit directly and the breakers feeding inter- 
connected feeders is more easily obtained. This may 
be explained as follows: With a certain number of 
interconnected feeders, when a short circuit occurs on 
one feeder a certain proportion of the current on this 
feeder will flow from each other feeder. With a larger 
number of interconnected feeders the current in this 
feeder will be larger in proportion to the current in each 
of the other feeders. Also the current in this feeder 
will more quickly rise to the tripping point of this 
feeder’s breaker. And this in effect means that the 
selective action of the system increases when the 
number of feeders is increased. 


III. REDUCTION IN TRIP POINT WITH REDUCED 


LINE VOLTAGE 


The holding coil of the magnetic type of high-speed 
breaker can be excited from the main feeder circuit 
when desired. When so connected, the trip point is a 
function of the line voltage. When breakers having 
their holding coils so excited are connected in the 
feeder network at some distance from the substation 
during a short circuit, the trip point of any breaker will 
depend on its distance from the fault, the nearest 
breaker having the lowest trip point. Breakers which 
are identical in every respect, connected in the same 
feeder at some distance from each other and subjected 
to the same short-circuit current, can be operated 
selectively in this manner in such a way that only the 
breakers adjacent to the fault open. 

Under such conditions when a short circuit occurs at a 
sufficient distance from the substation to include a 
sectionalizing breaker, such as on a feeder near the 
sectionalizing tie station of Fig. 5, the current rise is 
sufficiently slow to allow time for the desired change 
in the holding-coil current and results in the operation 
of thetie breaker before the short-circuit current reaches 
the trip point of a similar breaker near the station, 
the holding-coil current of which is not appreciably 
affected by the short circuit. 

The curves of Fig. 6 may be taken as typical and 
apply to the system shown by Fig. 5 with a short circuit 
on feeder A, with power fed from station No. 1 only, 
breakers No. 1, 2, 8, and 4 only closed. 

The rate at which the holding current is reduced 
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under such conditions is easily controlled by regulating 
the time constant of the holding-coil circuit, and by 
choosing the portion of the saturation curve of the 
holding-coil magnetic circuit over which the breaker 
operates under normal conditions. The breaker can be 
designed with a highly saturated holding magnetic 
circuit, so that the trip point is not greatly affected by 
voltage reductions occurring in normal service, but 
will have its trip point lowered very rapidly by voltage 
reductions in excess of a predetermined maximum. 

In general, exciting the holding coils from the line 
does not place objectionable limitations on the transfer 
of power through a tie station. Referring again to 
Fig. 5, this point may be illustrated by the following 
limiting cases: 

(1) With a tie station at the extreme end of adouble- 
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track system, stub-end feed, the tie breakers will carry 
only one-half the load under the worst conditions when 
the load is all on one feeder. 

(2) Ona large system with many feeders intercon- 
nected through a tie station, an excessive load on any 
one feeder will not greatly reduce the voltage at this 
point because of the large number of feeders in multiple. 

(3) Where heavy loads occur on all feeders near a tie 
station simultaneously-—a condition which results in the 
greatest voltage reduction—the exchange in current 
through the tie breakers will besmalland thereduction in 
trip point willnot beobjectionable. Theeffects ofreduc- 
tion of voltage at the tie station under normal conditions 
on the trip points of breakers the holding coils of which 
are excited from the line is therefore of no great impor- 
tance for the usual applications. 
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PROTECTION OF EXTREMELY LONG FEEDERS 


In addition to the selective possibilities of such an 
arrangement when applied to large network, reduction 
in trip point with reduction in line voltage is useful for 
applications involving unusually long feeders where 
short circuits at the extreme distance from the station 
may result in a current rise and a final current no greater 
or even less than that encountered under normal load 
conditions. If such a feeder is sectionalized at some 
distance from the station by a high-speed breaker with 
holding coil excited from the line, the trip point will be 
lowered sufficiently to operate on short circuits at the 
extreme end of the line, thereby preventing annealing 
of feeder copper or other damage which might other- 
wise occur if the short circuit is allowed to persist. 


IV. POLARIZED CHARACTERISTICS 


The direction of current required for tripping the 
magnetic type of breaker is fixed by the polarity of its 
holding coil. 

Referring again to Fig. 5, all of the holding coils 
of the sectionalizing tie breakers 3, 4, 5, and 6 are 
excited from the station bus. The polarity of these 
breakers is fixed so that they trip on current flow 
from the tie bus to the feeder only. A short circuit 
occurring in the vicinity of the sectionalizing tie station, 
such as at S, reduces the trip point of all breakers 
located at this point. The direction of the short- 
circuit current is correct to trip No. 3 breaker, but 
assists in holding in breakers 4, 5, and 6. The short 
circuit under such conditions will, therefore, be cleared 
by breaker No. 3 without having interrupted the tie 
between feeders A, C, and D. The polarized character- 
istic is, therefore, of great assistance in preventing the 
operation of the breakers feeding power to the tie bus. 


TESTS ON EQUIVALENT NETWORK 


A series of tests was made on the equivalent network 
of Fig. 5 to demonstrate the selective possibilities of the 
magnetic type of high speed circuit breaker on a repre- 
sentative system. 

For approximately uniform spacing between sub- 
stations and sectionalizing tie stations, selective opera- 
tion is more easily obtained on networks of the general 
form of Fig. 5 as the number of tracks and feeders 
increase. The transient current through that section 
of the individual feeders between the substation and the 
fault is not greatly affected by the number of parallel 
feeders, and the performance of station feeder breakers 
clearing short circuits on the feeder to which they are 
connected is therefore not affected. At the sectional- 
izing tie station the ratio of current rise in the breaker 
feeding the short circuit direct to the current rise in the 
several feeders feeding the short through the tie station 
is increased as the number of feeders is increased, this 
greater difference resulting in more positive selective 
operation. 

*The section of double-track system, the equivalent 
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circuit for which is shown on Fig. 5, was, therefore, 
taken as representative of the more difficult type of 
system for selective operation and was used for the 
experimental investigation. 

Equivalent circuits were set up for each feeder using 
cast-iron resistors and air-core inductance coils. 

While both mutual and self-inductance of the parallel 
copper conductors comprising each feeder of network 
are easily calculated, calculations of inductance of the 
rails of the track return are difficult because of skin 
effect and variations in magnetic permeability. 

The values on which the calculations for the equiva- 
lent network were based were taken from the data 
obtained during a series of short circuit tests on an 
actual system involving a rate of increase of current 
of the same order of magnitude as that of the equiva- 
lent system. The method consisted in calculating the 
inductance of the copper conductors of the feeder on 
which the tests were made and determining the induct- 
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Fic. 7—Cross SECTION OF A FEEDER, TROLLEY WIRE AND Ratts 
IDENTIFIED FOR CALCULATING THE RaTE or CuRRENT RISE 


ance of conductors which at the rail locations gave a 
total inductance equal to that shown by initial current 
rise. 

Air-core inductance coils were necessarily used to 
represent the total inductance of the positive and nega- 
tive sections of the feeders. 

The self-inductance of these coils was adjusted to 
give a counter e.m.f. of inductance on the initial 
current rise equivalent to the total calculated induced 
voltage of the complete feeder with the same current 
rise. This voltage is generated both by the self-induct- 
ance of the conductors and by the mutual inductance 
from the other conductors. 

The rate at which the current increases in each 
conductor was determined by solving the following 
simultaneous equations. 

Referring to Fig. 7, in which the conductors are given 
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numbers that are used as subscripts in the following 
equations, let H = voltage, L = self inductance in- 
definite radius, M = mutual inductance: 


Oh ike Oh Ihe ad; dl, 
tee eh nds aca et 
“LOE NC EE dls 

tans ots) at TF bee edt 08, 

dl; abst oh Iles Olly 
Lana a1 gy, Moa Gy + Meu Gy 
PRR TA aNb 027) * Meow T: aI. 

Se dE + Mi» gros eae ©) 

Os habe af dhe dl, 
| ee OP a 2-1 M23 ay 2-4 ay 

7, ah dl, dT. dl, 
eee tig Marys, = Mee) 

eli Gels @) dhs dl, i 
dt dt dt dt (4) 


The inductive voltage in the positive and negative 
conductors is then calculated and the air-core coils 
adjusted for an equal voltage during the initial current 
rise. 

The equivalent circuit involving air-core inductance 
and cast-iron resistors approximates the actual circuit 
only because, in the actual system, the time constants 
of the individual parallel conductors are not exactly 
the same and as a result the voltage induced by the flux 
of mutual inductances varies as the current increases. 

di 


The rate of change of current —— 


at decreases more rap- 


idly in those conductors having a relatively high . 


resistance than in those of lower resistance. This is 
apparent since the voltage for increasing the current is 
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dt 
The mutual inductance (M) is relatively small. H = 
voltage applied to any conductor and J = current. 

The error introduced by the approximate method of 
using the self-inductance of air-core coils to represent 
the total inductance of the feeder is well within the 
limits of accuracy of calibration of commercial breakers 
for the circuit in question. 

Separate calculations for each location of the short 
circuits were made because of differences in magnitude 
and direction of the mutual inductance effects with short 
circuits at different locations. The air-core inductances 
were adjusted accordingly for each test. The values 
given on Fig. 5 apply for short circuit at the tie station 
and were modified slightly for short circuits at other 
locations. 
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During the tests the holding coils of substation feeder 
breakers were excited from an independent constant 
potential source while sectionalizing tie breakers were 
excited from the line. 

The resistance of the individual feeder of this network 
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Fig. 9—OscitLoGRAM OBTAINED WHEN APPLYING A SHORT 
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is such that the maximum current through each feeder 
with a short circuit at the sectionalizing tie station is 
less than the normal load setting required (6000 
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amperes). The maximum load condition in the indi- 
vidual feeders on a single breaker determined from the 
train schedules is encountered when restoring power 
to a dead feeder on which two ten-car trains are stand- 
ing immediately in front of the substation with their 
controls in the first point series. The transient cur- 
rents for these two limiting conditions are shown by 
the curve of Fig. 3. The current rise when closing the 
circuit of the two ten-car trains with the control in the 
first point was interpolated from oscillograms obtained 
during a series of tests made on a 600-volt system. 
Breakers having identical constants were selected for 
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Fra. 10—OscitLoGraMsS OBTAINED WHEN APPLYING A SHORT 
Circuit To THE EqutvaLeNtT Network SHown In Fic. 5. 
Directiy 1n Front or Sussration No. 1 on Fueper B, witu 
Aut Breakers CLosep. Breakers Nos. 2 AND 3 OPENED BY 
THE SHoRT Circuit 


all, locations on the experimental network. The 
sectionalizing tie breakers were duplicates of the sub- 
station feeder breakers with the exception that their 
holding coils were excited from the feeders, the holding 
coils of substation feeder breakers being excited from 
an exciter bus. 


A 1500-kw., 1500-volt generator was used as a power 
supply for each substation. All breakers were set for a 
steady overload of 6000 amperes. Selective operation 
completely isolating the faulty feeders without inter- 
rupting power supply to interconnected feeders was 
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obtained for all locations of short circuits applied to the 
experimental network during the series of tests. 

Referring again to Fig. 5, the most important loca- 
tions tested were as follows: 

1. Short circuits on all feeders both directly in front 
of substations and the sectionalizing tie station, 

2. Short circuit on feeder B at the tie station while 
carrying a 2000-ampere load in the center of feeder D, 

3. Short circuits one-half way between substations 
and tie stations, 

4. Short circuit at the substation and at the tie 
station with a stub-end feed from a substation to the 
tie station. 

The curves of Fig. 8 were taken from oscillograms of a 
short circuit at S of Fig. 5. Several of the actual 
oscillograms are shown on Figs. 9 and 10. It is interest- 
ing to note that as the short is disconnected from the 
the tie bus the current increases rapidly through 
breaker No. 2 speeding up its operation. 

While it was not possible to simulate all of the con- 
ditions of load and short circuits encountered during 
the operation of such a system, the results of the tests 
indicate that it is possible to obtain a high degree of 
selective operation on d-c. railway feeders by the proper 
utilization of the inherent characteristics of the mag- 
netic type of high-speed circuit breakers. 


Several important installations involving a complete 
equipment of high-speed breakers designed for selective 
operation based on the principles discussed in this 
article have been made in the last few years. 


THE HIGH-SPEED CIRCUIT BREAKER IN A-C. RAILWAY 
NETWORK 


The discussion in the preceding paragraphs of this 
article has been confined to the d-c. railway network. 
A method of operation has recently been developed 
whereby the same type of high-speed breakers applied 
successfully to the d-c. railway system for a number 
of years may be applied to the a-c. network. 


By the proper application of a-c. breakers of this 
type many of the advantages of high-speed protection 
can be realized on a-c. railway feeder networks. The 
duration of short circuits and resultant damage to 
apparatus, particularly in case of anarc, can be limited to 
a small percentage of that resulting under similar con- 
ditions with the usual slow-speed protective apparatus. 
High-speed protection is also of particular value in 
eliminating telephone interference during a-c. short 
circuits. 


Furthermore, by taking advantage of the character- 
istics of the magnetic type of high-speed breaker, a 
high degree of selective operation can be obtained on 
a-c. circuits, isolating short circuits in a fraction of the 
time required with the usual type of protective sys- 
tem involving slow-speed breaker, inverse time relays, 
pilot wires, and the like. 


: The Effect of Internal Vacua 


Upon the Operation of High-Voltage Cables 
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Synopsis.—It has been known for some time that the internal 
mechanical pressure of cables is a factor in the quality of the insula- 
tion, and that the oil used in impregnating paper for cable insulation 
has a high thermal expansion which may alter the internal pressure of 
cables with varying temperature. 

This paper considers the rate of pressure equalization in cables 
and the relative effects of slow equalization wpon long and short 


cables, indicating that there may be considerable difference in dielec- 
tric properties depending on the length and past history in regard 
to temperature cycles. 

Means of overcoming these differences are suggested. 

The paper is suggestive rather than demonstrative and it is pro- 
posed to publish a sequel giving experimental proofs of the facts 
stated. 


‘(Saas failures have often occurred which have not 
been explained to the satisfaction of both manu- 

facturing and operating companies. Their out- 
standing feature from the manufacturers’ standpoint 
has been the fact that individual lengths of cable with- 
stand severe and prolonged high-voltage tests some- 
times extending over a week or more, even after re- 
moval from the ducts, but when joined into along cable, 
they have been, nevertheless, unable to operate at their 
normal voltage. 

This has naturally led to the belief on the part of the 
manufacturers that in operation the cables. must be 
subjected to more destructive potentials than they 
experience in the tests, or in other words, that the 
trouble is due to transient high voltages. 

The only alternative is that, in some way, the joining 
together of a number of dielectrically strong lengths can 
result in a dielectrically weak cable. 


Until recently, this latter alternative seemed scarcely 
worth consideration since it was outside the range of rea- 
sonable probability, whereas the theory of transients 
seemed to have some foundation in actual circumstances 
such as the concentration of failures at certain points, 
regardless of time or place of manufacture of the cable.’ 


The point of view of the user usually seems to have 
been that the actual evidences of severe over-voltage are 
negative, whatever the theoretical evidences in their 
favor might be. They have discounted the proofs of 
excellence of the individual lengths of cable, and ex- 
plained the failures on the assumption that the cables 
are either impregnated with chemically unstable oil or 
that the cable is incompletely impregnated, the evi- 

- dences of which are likely to be found in the cables that 
fail. This theory has not satisfied the manufacturers 
because cables impregnated with identical compound 
have been known to operate satisfactorily at higher 
electric stresses than those in the cables that failed. 
The manufacturers agree that practically perfect im- 
pregnation is essential to obtaining high dielectric 
strength but have not considered deficiencies in the 


1. Chief Engineer, Habirshaw Cable and Wire Corporation. 
2. There is no doubt that transients have been a contributory 
eause of trouble, especially on large systems. 
_ Presented at| the Regional Meeting of District No. 5, of the 
A.J. EH. E., Madison, Wis., May 6-7, 1926. 


impregnation or unstable oil to have been always the 
root of the trouble. 

New information has now come to light, however, 
which explains how a number of good lengths of cable 
can be joined together into a bad cable, and the evidence 
is stronger than that which has been adduced in favor 
of the theories of abnormal voltage, or of defective 
cable. 

The difference between the short length and the 
continuous cable, as manufactured in the past, is that 
the former has its ends open to the atmosphere so that 
the inside of the cable is at atmospheric pressure, 
whereas the latter, except near its ends, has an internal 
pressure independent of that of the atmosphere, by 
virtue of the continuity of the sheaths and joint sleeves, 
and the viscosity of the compound.’ 

On this difference, in our opinion, hangs the explana- 
tion of many mysterious cable failures. 


CAUSES OF VACUA IN CABLES 


Oils, such as are used for impregnation, have an ex- 
traordinarily high coefficient of thermal expansion, 
usually of the order of 0.09 to 0.1 per cent by volume, 
per deg. cent. This is about ten times that of the 
metals used in a cable. In order to visualize the effect 
of this, we may assume that all of this change in volume 
is concentrated at one end of the cable, and consider 
what happens when a length of, say, 400 ft. is cooled. 
If the cable is completely filled when it leaves the 
factory, which may be assumed to be at about 25 deg. 
cent., and is then put in aduct at Odeg. cent., the volume 
of oil will have shrunk 2.5 per cent so that 10 ft. of the 
cable will be completely deprived of oil. 


In actual fact, this shrinkage will not be concentrated 
at one place but it will be none the less real and, in the 
aggregate, will be equivalent to the 10 ft. of cable. 
Where the distance from the center of a cable to its 
open ends is several miles the time required for 
internal readjustment of pressure, with heavy petro- 
latum compound, may be several years, especially if the 


3. Cable compounds being very viscous, flow slowly, so that 
in the case of a petrolatum-impregnated cable, the readjustment 
of internal pressure is necessarily a very slow process, varying 
from practically zero speed with hard compounds and solid 
conductors to practically infinite speed with thin liquid com- 
pounds and hollow conductors. 
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cable is lightly loaded. It is thus a matter of vital 
importance to load high-voltage cables, when im- 
pregnated with stiff compound, either prior to or upon 
the application of the voltage, and to maintain a load 
sufficient to liquefy the compound until internal 
pressures have been adjusted. 

The contraction of compound in a cable is very 
beautifully shown by impregnating a piece of cable in a 
light-colored oil, and transferring it while hot to a dark- 
colored oil in which it is allowed to cool. The outside 
of the cable will be the first to lose its heat and the oil 
will, therefore, solidify there first. Hence, as the oil 
contracts, it will draw away from the center. The 
dark grease used for cooling will, however, be sucked 
into the hollow so that the cable in cross section will 
present the appearance of a hollow ring of light color 
with a dark core. A small amount of dark compound 
will also be found in the outer layers due to diffusion. 
If the cable were allowed to cool in the open air, instead 
of in dark oil, the core would be free of oil except for 
that held in the paper by capillarity. Other vacuous 
spots will form in the compound as it contracts, either 
as bubbles or streaks. 

Lead, which is used universally for cable sheaths, is 
peculiar in being almost entirely lacking in elasticity; 
that is to say, when it is stretched, it does not return 
upon removal of the stretching force. When a cable 
is put on a reel at the factory, its sheath is stretched on 
one side, and when the cable is straightened, to go into a 
duct, the stretched sheath does not contract, but 
wrinkles, thereby increasing the internal volume. 
The amount of this increase may, under favorable 
conditions, be as high as 1% per cent, so that in a case 
where the oil constitutes 14 the cubic contents, the 
increased volume would take oil from about 11% per 
cent of the cable, an amount of similar order of magni- 
tude to the disappearance of oil due to contraction. 


Thus, there are two causes of vacua in cables which 
are of somewhat similar order of magnitude, both 
operating simultaneously and of such magnitude they 
might desaturate a 400-ft. length of cable to the extent 
- of leaving the equivalent of 15 ft. of cable without oil 
and with a vacuum in its place. Thus, a petrolatum- 
impregnated cable having atmospheric pressure at 
25 deg. cent. when reduced to 0 deg. cent. shows an 
internal vacuum of 22 or 28 in., as measured by a pres- 
sure gage attached to one end. In this condition, 
ionization will occur at about 144 the voltage which 
would be required at atmospheric pressure. 


It is not only in theory or laboratory tests that this 
phenomenon occurs. The lead sleeves of a large num- 
ber of splices on high-tension lines have been known to 
collapse, proving the existence of very low pressure 
within the cable. Vacua of 15 to 20 in. have been 


4. The same phenomenon may be observed by heating a 
small beaker of grease to the melting point and allowing it to 
congeal. When solid, the surface will be funnel-shaped instead 
of practically flat as when water congeals. 
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noted in splices of installed cables, and in such vacua, 
ionization starts at 40 to 60 per cent of the voltage 
required at atmospheric pressure. 

When high-tension cables are installed, it has been 
frequently observed that air is sucked in when the 
caps are broken. This absorption of air continues for 
hours at a diminishing rate. If the joints are applied 
before the completion of this action, the cable will 
necessarily start its working career with a partial 
vacuum.’ 


HARMFUL EFFECT OF VACUA 


Having shown that vacua should exist in cables and 
then that they do exist, the next question is, do they do 
any harm? 

Again the answer is in the affirmative. 

Partial vacua ionize at much lower voltages than air 
at atmospheric pressure. Hence, a cable, having a 
partial vacuum within it, will show evidences of ioniza- 
tion at abnormally low voltages, so that ionization may 
occur even at working voltage or less. 

The effect is not a mere corona glow, but a series of 
active streamer discharges, such as are familiar to us 
in vacuum tube lamps. These streamers emit rays, 
probably the ultra-violet, which have the effect of 
converting petrolatum compound into a solid, flaky 
substance, often known as wax or X.6 Recent analyses 
have indicated that this substance has the approximate 
chemical composition, 

(Ciz Hog O)n 

It is apparently highly polymerized but of unknown 
degree of polymerization.’ It is not a wax. 

If petrolatum be placed in a vacuum tube so as to be 
out of the way of the terminals, but yet impinged upon 
by the discharge, the surface will be converted into X. 
This interesting laboratory experiment, due to Mr. 
E. C. Willman, of Cleveland, enables one to see, in 
process, the phenomenon which is known in cables 
only by its results. It has been persistently denied by 
the manufacturers that the presence of this X is neces- 
sarily an indication of imminent failure of a cable and 
they are supported in this contention by tests on short 
lengths which continue in operation at very high stresses 


even after the practically complete conversion of the 


5. <A collapsible cap filled with compound may be placed over 
the ends of a cable when the seals are broken, which will prevent 
access of air and fill the voids with compound. Sucha cap should 
be left on for several hours, preferably overnight. The use of 
such caps both in factory and field is the subject of a patent 
application. 

6. Ultra-violet rays have a similar effect upon most oils. 
In the case of some vegetable oils, the effect is so pronounced 
that it has been made the basis of a commercial lacquering 
process. 

7. Some experimenters report a very small proportion of 
nitrogen, but we regard this as too minute to be more than an 
impurity. 

8. It was formerly thought that X was due directly to the 
electric stress, but it has not been found possible to produce it by 
stress alone, in the absence of electric discharges. 
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oil into X, yet cable users have known that, in some 
way, X formation and cable failure go together. These 
views are reconciled by the fact that short lengths of 
cable, such as are tested in laboratories by the manu- 
facturers, will not fail due to X because their internal 
pressure quickly becomes atmospheric whereas long 
(installed) lengths are more liable to failure because, 
with stiff compounds, low pressures persist due to the 
slowness of pressure equalization. Furthermore, X 
formation increases vacua because X is less bulky than 
oil, and as mixed with the residual oil it formsa paste 
which is stiff and resistant to pressure equalization. If 
conditions are such as to create X, but yet maintain 
atmospheric pressure, the cable often will not fail. 

A number of short lengths (10 ft. under lead) of 
cable were submitted to an accelerated aging test, 
one-half the cables being sealed hot, so as to have par- 


tial vacua within them when cool, and the other half 


allowed to cool with the compound at atmospheric 
pressure. The preliminary results show the vacuous 
cables have a much shorter life than those at atmos- 
pheric pressure, but difficulties in maintaining the seals 
have vitiated all experiments as far as quantitative 
results are concerned. The experiments are, therefore, 
being continued and Mr. C. F. Hanson expects to report 
them at a later date. 


THE WAY TO AVOID HARMFUL VACUA 


We have seen the cause of vacua in cable, and their 
baneful results. The next question is, naturally, how 
can they be avoided? 

Before answering this, it should be borne in mind 
that an installed cable ordinarily has an internal pres- 
sure entirely independent of the atmosphere because 
its sheath and the sleeves of its joints are sufficiently 
thick and rigid to resist considerable pressure.’ In 
order to maintain the inside of the cable throughout at 
atmospheric pressure, there must be the equivalent. of 
openings to the atmosphere, compounds sufficiently 
fluid to transmit the pressure from these openings at a 
speed comparable with that at which thermal contrac- 
tion occurs and longitudinal oil ducts of sufficient 
cross-sectional area to assist this action. In most 
cases the normal spaces between strands will suffice, 
but for very high voltages, a hollow core or special 
duct is desirable. 

In order to provide the equivalent of openings in the 
cable or joint these must either be open to the air, 
or provided with a closed but collapsible part. The 
reservoir of liquid or semi-liquid oil applied to splices in 
an invention first used at Cleveland meets the latter 
requirements," while the liquid oil reservoir system, 
developed in Italy, meets the former, although neither 
appear to have been intended for the specific purpose 
described above. 

It should be remembered that pressure equali- 
zation is very slow with viscous oils, and differences of 


9g. <A pressure of'35 to 45 lb. per sq. in. will start expansion of 
8/64 to 10/64 in. pure lead cable sheath. 
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pressure should not be allowed to accumulate, but rather 
should be given an opportunity to equalize as they are 
forming. 

In conclusion, we summarize the following character- 
istics as among the most essential for the successful 
performance of high-voltage cables: 

1. The compound should be sufficiently fluid or soft 
at all operating temperatures to permit readjustment 
of internal hydrostatic pressure at a speed comparable 
with that at which this pressure is disturbed by tem- 
perature variations. 

2. Access to the atmosphere or to atmospheric 
pressure should be provided at points sufficiently close 
to ensure the communication of such pressure to all 
of the compound in the cable. 

3. Oil ducts (special or incidental) must be provided 
to assist the transmission of: this pressure along the 
cable. 

4. The saturation of the cable should be as perfect 
as possible so as to provide a minimum of oxygen to be 
absorbed by the compound. 

5. The compound should be as immune as possible 
from deterioration by the rays generated by electrical 
discharges. 

In addition to these characteristics, which are related 
to the subject matter of this paper, the cable should 
have, of course, suitable dielectric strength, dielectric 
loss and flexibility. 


‘ 


NEW MACHINE MINES COAL BY 
ELECTRICITY 


A new-type electrically driven mining machine 
is being now tried out in various coal regions of the 
country. It is a powerful machine that cuts its way 
into the face of a bed of coal, breaks the coal loose and 
loads it into mine cars without the exercise of manual 
labor or the firing of a single ounce of powder or dy- 
namite, such as often cause mine explosions. In a 
test run, this machine was able to bore its way into a 
coal seam at the rate of one foot in ten minutes and at 
a total mining cost of half that prevailing in the hand- 
working sections of the same mine. The entry driven 
in coal by the machine is 6 ft. high and 11 ft. 6 in. wide. 
—-Soc. of Elec. Dev. May 30th, 1926. 


10. The Cleveland reservoirs were designed tor the purpose 
of exerting atmospheric pressure ‘‘on the mobile compound to 
prevent the formation of voids during temperature changes,” 
(Report of Underground Systems Committee, N. H. L. A., 1924) 
but as only the joint compound was mobile, the cables being 
impregnated with petrolatum jelly compounds, the reservoir 
appears to have been intended primarily as a protection for the 
joint rather than for the cable. 

11. Emanueli, Transactions of the First World Power Con- 
ference, 1924, Vol. III, p. 1269, states: “‘The possibility of manu- 
facturing cables destined to work at such high pressures 
(130 kv.) depends on careful reduction to a minimum of the gas 
which is occluded between successive layers of the insulating 
material,’’ and Jour. I. E. E., Jan. 1926, p. 127, referring to the 
130 kv. cable in Italy, “‘Its construction differs from that of an 
ordinary cable only in the fact that air or gas bubbles are entirely 
eliminated from the insulation.” 
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Synopsis.—Lack of voltage control is one of the objections which 
have been made to the use of rectifiers. The author describes a 
method of voltage control for rectifiers based on the use of a saturated 


gradual change from two three-phase rectifiers operating in parallel 


to one six-phase rectifier which has a higher inherent voltage ratio. 
The theory of operation is discussed and supporting oscillograms and 
observed regulation curves are shown. 


core interphase transformer. Saturation of this device produces a 

RECTIFIER is a kind of electric valve which 
A allows current to flow from an alternating supply 

into a d-c. load circuit. The instantaneous alter- 
nating voltage varies all the way from ,/2, the effective 
value in one direction, to the same amount in the 
other direction. There is, therefore, nothing startling 
in the idea that any voltage between these limits can be 
communicated to the load circuit. The problem is 
rather one of practicability than of possibility. 
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The voltage communicated to the load circuit is not 
an instantaneous, alternating value but is an average 
over a considerable part of a cycle. Consider a simple, 
single-phase rectifier as shown diagrammatically in Fig. 
1. The corresponding wave diagram is shown in Fig. 2. 
Current flows from the most positive anode to the 
cathode so that the cathode potential is below the most 
i = Research Laboratory, General Electric Co., Schenectady, 
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positive anode only by the amount of the are drop 
which is practically constant and relatively negligible 
in rectifiers having any considerable output voltage. 
This diagram assumes no inductance in the trans- 
former or primary supply. The cathode traverses the 
series of positive lobes of two sine waves displaced 
180 electrical deg. This potential is impressed upon 
the load and d-c. reactor. The counter e. m.f. load 
chosen will offer no impedance to the alternating 
components of the irregular cathode voltage. The 
inductance will offer no impedance to the d-c. com- 
ponent. The voltage wave is thus resolved into its 
components. . The direct component is the average 
of voltage for a series of half cycles in one direction 


\CayY yee eee ee 
Hee 2 
and is the same as the average of one-half cycle. Its 
Dy oe 
value ise where E is the effective secondary 


voltage to neutral. 

If there were more phases, each anode would be the 
most positive for a shorter time and so the average 
voltage impressed on the load circuit would have to be 
taken for a shorter time. Fig. 3 shows some of the 
secondaries of a p-phase rectifier. The direction of 
each coil is the phase vector direction for that phase. 
For p phases, each anode will be most positive for the 


' T a ie ade 
fraction of a evcle , that is, beginning at an angle 


7 
mar before the maximum and ending — after the 


maximum. The developed voltage wave is shown in 
Fig. 4. 
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The average voltage, G, is found most easily by 
integrating the wave, that is; finding its area divided 
by the base. 


arma 
aa Dp 7) 
G=v/2 
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For various numbers of phases, this equation gives the 
series of values in Table I. It is seen at once that 


TABLE I 


Lec 


by increasing the number of phases there results 
an increase in the average voltage. This indicates how 
voltage control may be approached. A method of 
changing smoothly the number of phases from two to 


Fig. 4 


six would give an increase of fifty per cent in the output 
voltage. 

Two three-phase rectifiers may be connected to a 
three-phase supply as shown in Fig. 5. These rectifiers 
have separate inductances in series with their cathodes 
but feed a common load. Since the two inductances 
absorb the pulsating components of the voltages of 
their respective rectifiers, there is nothing to prevent 
their feeding the load in parallel, each supplying one-half 
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of the current all the time. If the switch S be closed, 
this condition is changed. There is no longer any im- 
pedance to prevent a current shift from one rectifier to 
the other. Current will naturally flow from the anode 
with the highest voltage, regardless of its location in a 
particular rectifier, so that six-phase operation replaces 
three-phase. ‘ 

Fig. 6 is a wave diagram of the change. 


ee ee OU) 


With the 


Fig. 5 


switch open, the two cathodes have potentials ¢,, es 
averaging e,. With the switche S closed, the two 
cathodes follow the potential of the most positive anode, 
giving the wave es shown by the heavy line. 

Instead of the abrupt change from two three-phase 
rectifiers, the transition might have been made gradu- 
ally. The two inductances L,, L, may be so interwound 
that they present large impedance to current changes 
between rectifiers but low impedance to changes of the 
total current. The load voltage will then be the average 


€; €p €,&6. C2 @; C2 & 


Fig. 6 


é, of the rectifier voltages, but only so long as both are 
carrying current. Should one stop carrying current, it 
could no longer influence the average voltage, for both 
windings of the choke system must carry a variable 
current in order to supply the inductive drops necessary 
for the voltage equalizing action. 

The inductances, L, L2, are not infinite, so that the 
tendency of the rectifier having higher voltage to take 
current from the other will cause a circulating current 
between the two rectifiers. In Fig.6, e, is the difference 
in voltage, 2, the circulating current. As long as this 
circulating current is less than the load current sup- 
plied by either rectifier, there can always be sufficient 
current changes to set up the difference voltage and 
preserve the average. If, however, the interchange 
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current becomes equal to the load of one rectifier, one 
will momentarily be carrying all the current, and the 
voltage will no longer be the average, but will be the 
voltage of the higher rectifier. 

With a further increase in interchange current, 
there will be a longer period during which there is no 
drop across the inductances L, L, and the output 
potential will follow the higher rectifier for a longer time. 
Fig. 7 shows the waves under this condition. A value 
of difference current has been used which has an ampli- 
tude equal to the entire rectified current, J. With this 
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value, the load current is divided between the two recti- 
fiers half the time and carried by one for half the time. 
To maintain the difference voltage, the difference cur- 
rent would have had to continue as shown by the dotted 
extension, but this it could not do because the current 
from one rectifier could not drop below zero. 

Saturation forms a ready means of altering the 
interchange current as desired. Fig. 8 is a diagram- 
matic representation of a saturation regulator adapted 


for this use. It consists of a four-legged core on which 
two sets of windings are placed. One winding consists 
of two circuits surrounding the two central legs indi- 
vidually and connected so that the upper and lower 
halves of each will function as L, and L,, respectively. 
The flux required for the difference voltage circulates in 
these two central legs and does not traverse the other 
two. The second winding used to saturate the core 
surrounds both central legs. The flux linkages are thus 
so balanced that current changes in either winding will 
induce no voltages in the other. 

To merease the interchange current which is the 
exciting current in the central windings a direct current 
\s passed through the outer winding. The flux pro- 
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duced by this current passes in one direction through the 
central legs and returns through the outer legs. It; 
therefore, saturates the central legs which carry the 
alternating flux, and this saturation increases the inter- 
change current and thereby the output voltage. 

The direct current required to saturate the core may 
be obtained from the rectifier output in which case a 


Fic. 9 


compound rectifier results, or it may be obtained from a 
separate source controlled through a voltage regulator. 
The complete circuit diagram for compounding on load 
is shown in Fig. 9. 

If rectifier transformers and supply lines had no 
inherent regulation, it would always be possible to 
secure the increases shown in Table I by changing the 
equivalent number of phases. There is, however, a con- 
siderable amount of regulation in the transformer which 
tends to be greater with increased numbers of equivalent 
phases. Take the case of the three-phase rectifier 
shown diagrammatically in Fig. 10, having all the 
inductance X concentrated in the anode leads and an 
infinite choke L to keep the total current constant. 


Fie. 10 


When the voltages of a, and a, pass through equality, 
current will begin to change from a; to a». While the 
change is taking place the two anodes are at the same 
potential since otherwise they would not divide the 
current. The voltage difference between the two 
phases is absorbed in the inductances X. The current 
and voltage appear as shown in Fig. 11. 

The rate at which current transfer will take place 
is proportional to the voltage causing the transfer, 
which is the vector difference between the phase 
voltages. At each transfer some of the average voltage 
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is lost as shown by the crosshatched areas in Fig. 
11. The curve of current transfer is a sine wave which 
lags 90 deg. behind the phase-voltage difference because 
the drop is inductive. At any instant the value of the 
rising current to one anode is independent of load 
because no current change takes place in the load circuit. 
When all the.current has transferred in angle wu the 


Fig. 11 


change ceases. 
the angle w. 

It appears from Fig. 12 that the general expression 
_ for the phase-difference voltage is 


The greater the load, the greater will be 
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The curve of instantaneous lost voltage is the same 
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as the half difference voltage used in making the 
current transfer. The average loss in output voltage 
represented by the hatched area is the wave er which 
has the same phase as the current 7. Its value is 
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The open-circuit voltage has already been found to be 


apt! Wi ; 
Go = VW2H 7 sin B (1) 


so that the voltage under load is 


G = Go— er 
- G,(1- ==") 


Equation (3) connecting J and (1 — cos uw) can be 
used to replace the latter by the former. This results in 


ye 
G =G) 1— 
2/2 E sin —- 
Pp 


It would be advantageous to arrange this equation 
so that the performance of the device might be com- 
pared with that of more familiar apparatus. Let it 
be assumed that there will be a four per cent drop in the 
transformer when carrying an ordinary sine wave a-c. 
load equal to its rating for use with a rectifier. Then 


(5) 


the short-circuit current per phase is X 


Ww 
or 25 — ~ where W is the rated output of the rectifier. 


pK 
Equating these two values and solving for X gives 
p BE” 
a o5 


and the output voltage equation may now be written 
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or making use of equation (1’) 
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In the derivation of these equations it was assumed 
that all the reactance was in the secondary windings 
of the transformer with no mutual reactance. This is 
convenient and gives results of the right nature. The 
magnitude of the results may be wrong, however, for, 
unless all of the leakage reactance is actually located in 
the manner represented in Fig. 10, the inductance of the 
paths taken by the commutating currents may be appre- 
ciably less than the value obtained by considering short- 
circuit conditions in the transformer. This is due to the 
fact that in the latter case the currents have a mutual 
reaction which can greatly increase the apparent 
reactance. 


(6) 


(7) 
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The commutating currents on the other hand usually 
are not required to flow through. circuits with much 
coupling between sections. No advantage of this kind 
occurs in the single-phase rectifier, but in the three- 
phase case, the reactance presented to the commutating 
currents is approximately half that determined by short- 
circuit measurements. The advantage in the six-phase 
case is hard to determine exactly. If the transformer 
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has a primary and tertiary winding and all the reactance 
is in the primary, the advantage may be as high as six 
to one, but as a conservative estimate, let it be assumed 
that the reactance will be 40 per cent of the value deter- 
mined from the simple measurements. 

Fig. 13 indicates the regulation curves given by 
equation (7) and takes into account the corrections 
just described. The regulation curve for the compound 
rectifier will fall between the curves for the six-phase 
and three-phase rectifiers. By increasing the saturation 
of the interphase transformer as the load is increased, 
it may be made to give high reactance at low loads and 
small reactance at heavy loads. Asa result the output 
voltage will approach that of a six-phase rectifier under 
heavy loads and will be nearer to that of a three-phase 
rectifier under light loads. It will be seen that the 
range of voltage available for compounding is somewhat 
limited if only the three and six-phase circuits are used. 
It is probable, however, that the limits are sufficiently 
wide for the great majority of applications. A much 
larger variation can be obtained by going from the 
single-phase to the six-phase connection. This transi- 
tion is entirely practical but uses slightly more 
material than the three-phase to six-phase case and is 
therefore not desirable as long as the latter arrangement 
can be made to give the required characteristics. 

Under extremely light loads, the direct current 
through the interphase transformer will be so small that 
it would be impractical to supply a transformer having 
sufficient exciting reactance so that its exciting current 
would always be smaller than the load current. There- 
fore, the effect of the interphase transformer will be 
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lost as zero load is approached and the no-load voltage 
will be that corresponding to six-phase operation. 

As long as the instantaneous current in the inter- 
phase transformer does not fall to zero, its reactance 
does not appear in the a-c. circuits. As soon as the 
current in one branch of the interphase transformer is 
actually interrupted, however, this transformer acts 
just as though it were inserted in the anode leads. 
Fig. 14 shows the circuit through which the transient 
current flows which accomplishes the commutation 
of the output current between anodes. The exciting 
inductance of the interphase transformer is added to the 
leakage reactance of the windings of the main trans- 
former to obtain the value of X used in calculating 
the regulation curve. The result will therefore be a 
six-phase regulation curve dropping much more rapidly 
than that corresponding to the main transformer alone 
and the rapidity with which the voltage decreases will be 
dependent upon the exciting reactance of the interphase 
transformer. 

After sufficient load current is flowing so that the 
interphase transformer is carrying current continuously, 
the output voltage will be that corresponding to the 
three-phase rectifier. As more load is applied the 
output current flowing through the saturating winding 
of the interphase transformer will decrease the reactance 
of the main circuit. The exciting current will then rise 
until it is as large as the load current and continuous 
choke action will be lost. The voltage will then be dis- 
placed from the three-phase value in the direction of the 
potential corresponding to six-phase operation. By 
this means the voltage may be held constant over the 
greater part of the load range or may even be made to 
increase slightly with load. 
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In Fig. 13 part of the curve for six-phase operation 
is shown dotted. In this range the voltage is no longer 
given by equation (7) because the load is so great that 
three anodes carry current simultaneously during part 
of the time. Due to lack of complete data on the react- 
ance of the circuits traversed by the commutating 
currents, it is not-worth while to calculate the voltage 
under these circumstances. The three-phase rectifier 

curve will have a similar limit of applicability, but this 
limit is not reached in the range shown in Fig. 18. 

Figs. 15, 16, 17 and 18 indicate the results of experi- - 

mental work which serves as a check on the theory of — 
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operation of rectifiers with compounding. Fig 15 shows 
the wave shapes obtained with an oscillograph when an 
experimental rectifier was operating as two separate 
three-phase units connected in parallel through an un- 
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saturated interphase transformer. At time, ¢,, the 


secondary voltage of the phase being measured became’ 


equal to that of the preceding phase in the same three- 
phase group, and it began to conduct current. Be- 
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tween ¢, and ¢, both phases were conducting current and 
the reactive drops caused by the changing currents 
averaged the induced voltages of the two phases so that 
their terminal voltages were nearly constant. At time, 
to, the current transfer was completed and the terminal 
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Fig. 20—IntTEerpHASE TRANSFORMERS 
The 180-cycle units are provided with series d-c. 
variable gap in the d-c. core circuit. 


saturating coils and 


voltage of the incoming phase again became equal to 
its induced voltage. Between t,and ¢;, the current left 
the phase under observation, and this time the reactive 
drop prevented the terminal voltage of the phase from 
falling as rapidly as the induced voltage until after the 
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transfer was completed. The dotted lines indicate the 
form of the secondary voltage and interphase trans- 
former voltage waves, if they had not been distorted by 
the reactive voltages during current transfer. The 
slight irregularity in the secondary voltage wave at 
time t; was caused by commutation of currents in the 
second three-phase group of windings and was present 
because of the coupling between the two groups through 
the transformer primary windings. 

Fig. 16 shows the wave shapes obtained with the core 
of the interphase transformer saturated. The operation 
is now that of a six-phase rectifier. Current is building 
up in the phase under observation between ¢,; and t, and 
decreasing between /; and t,. Not more than two anodes 
carry current simultaneously, and between ¢, and ¢; only 
one anode is conducting. The interphase transformer 
now carries pulses of current of the same shape as the 
anode pulses, but, since it carries the current of all the 
anodes, the pulses will be closer together. There is a 
voltage across the interphase transformer only during 
the time the current is transferring between anodes, 
which transfer must occur through it. As the reactance 
of the interphase transformer influences the period of 
commutation, it is apparent that the output voltage 
can never rise to the six-phase voltage corresponding to 
the transformer by itself. Instead, the output voltage 
will approach this value as the reactance of the choke is 
decreased by saturating it more and more, but can 
never reach it. 
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Fig. 17 shows an experimental compounding curve 
obtained from a small rectifier. After the first sudden 
drop to the normal three-phase voltage at six amperes, 
the voltage rises steadily with increase in load to 70 
amperes, after which it again falls. To obtain this 
curve no changes were made other than changes in load. 
This rectifier had insufficient capacity to stand loading 
to short circuit. Accordingly, additional reactance was 
added enabling the curve of Fig. 18 to be taken. In 
Fig. 18 the load is increased to short circuit under three 
conditions, with no saturation of the interphase trans- 
former, with the compounding apparatus in operation, 
and with the interphase transformer short-circuited. 
Although the compound curve never equals the six- 
phase curve except at short circuit, the six-phase voltage 
is approached sufficiently to give flat compounding from 
light load to 614 amperes which is 10 percent of the 
current under short circuit. 

Tests which have been made on the performance of a 
1000-kw., 600-volt, 12-phase rectifier further substantiate 
the correctness of the theories herein set forth. Fig. 19 
is a regulation curve obtained with this rectifier adjusted 
to give substantially flat compounding out to full load, 
1667 amperes. Fig. 20 isa photograph of the interphase 
transformer. Since the set is twelve-phase, there are 
three interphase units. The two lower units combine 
each two groups of three phases and have direct current 
saturating windings. The small top unit combines the 
two six phase groups into one twelve-phase unit. 


Polarization of Radio Waves 
BY E.F. W. ALEXANDERSON: 


Fellow, A. I. E-E. 


NTIL rather recently, the practise of radio com- 

munication was confined to the use of long, earth- 

bound waves. These waves are preferred on ac- 
count of the regularity of day and night operation and 
the absence of fading. The characteristics of the earth- 
bound wave were extensively explored and there was 
a tendency to generalize these results assuming that 
they apply to all radio wave transmission. 

Usually the earth-bound wave is thought of as a 
moving electromagnetic field with horizontal magnetic 
lines sweeping parallel to the earth and vertical electro- 
static lines terminating in the conducting earth. This 
theory has been supported by a great deal of practical 
evidence. Attempts to measure horizontally electro- 
static lines have always given negative results and it 
almost seemed obvious that this should be so. It, 
therefore, seemed quite unnecessary to speak of polari- 
zation of radio waves, since the waves were supposedly 
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always vertically polarized due to their nature of being 
earth-bound. 


A great amount of data was collected and among 
these were some surprising observations. For instance, 
it seemed as if the wave did not always come in from 
the proper direction but wandered around, seeming to 
come at times from the side and sometimes even from 
behind. This led to a good deal of discussion, but no 
plausible explanation was found. Yet the evidence 
was accepted as incontrovertible that such direction 
changes did exist because the observations were con- 
firmed by so many competent observers. 

Recent investigations of the phenomena of radio wave 
propagation, however, have led to another explana- 
tion, the conclusion being that the observed irregulari- 
ties were not actually changes in direction but changes 
in the plane of polarization. Whether such an explana- 
tion had been considered at some earlier date the 
author does not know, butif it was tentatively advanced, 
it was undoubtedly discarded on the ground of the ex- 
perimental evidence, showing that the horizontal 
electrical lines did not exist. As a matter of fact the 
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polarization theory did not originate with the study of 
long-wave phenomena and it requires a new conception 
of wave propagation, developed through recent work on 
short waves. 


OBSERVATIONS ON SHORT WAVES 

Our first experience in signaling with horizontally 
polarized waves was gained as a result of an incident in 
an investigation which had been organized to study 
directive radiation with short waves. One of the sev- 
eral directive antenna systems which were used was a 
combination of two large, square, vertical loops, tuned 
for a wavelength of 50m. Each loop consisted of eight 
sections of conductor, separated by eight condensers 
so that each section was independently tuned. The 
composite antenna thus had four vertical conductors, 
two in each loop, and the object of the test was to regu- 
late the direction and phase of the currents so that the 
composite antenna would give a unidirectional radiation 
in the plane of the loops. The only practical way to 
adjust the phase of the currents proved to be to make 
measurements of the composite radiation within a few 
hundred feet of the antenna. When the radiation 
diagram so obtained was in agreement with the theoret- 
ical expectations, it was assumed that the system was 
properly tuned. The experimental station at Schenec- 
tady was in radio communication with the stations of 
the Radio Corporation of America, at Riverhead, Long 
Island, and Belfast, Maine, where the signals were 
measured to ascertain whether the directive character- 
istics were the same at distant points as near the station. 
In one case it was found that no radiation whatever 
could be observed in the field around the station. But 
investigation showed that, by accident, one of the loops 
had been reversed so that while current was flowing in 
all the vertical conductors as indicated by the ammeters, 
the resultant effect in radiation was zero. No sooner 
had these facts been ascertained than a communication 
was received from Long Island that the signals were 
50 per cent stronger than in previous tests. In view 
of the absence of any radiation near the station this 
surprising result called for further analysis. It was 
thus found that while the currents in the vertical con- 
ductors were in such a direction as to neutralize each 
other, the two top conductors carried current in the 
same direction. These conductors being horizontal, 
it followed that the radiation must have been hori- 
zontally polarized and that the failure of the local 
instrument to indicate any radiation was due to the 
fact that it was sensitive only to vertical radiation. 

Since then, a number of antenna forms for horizon- 
tally polarized radiation have been tested and used in 
commercial service by the Radio Corporation of Amer- 
ica. The practical conclusion reached through these 
tests, as well as the findings of the government labora- 
tories and many amateurs, is that in most cases hori- 
zontal transmission and reception with short waves 
is superior to the old methods of using vertical 
polarization. 
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When one attempts to discuss the phenomena of 
wave polarization, he finds many theoretical and 
practical aspects and many questions which may be 
asked. For instance: 

How does the wave acquire a horizontal polarization 
when it is radiated vertically and why does the wave 
become vertical when it is radiated horizontally? 

Does the wave always twist in space or only under 
some circumstances, and what are these circumstances? 

Why is horizontal polarization the rule on short 
waves and so difficult to discover on long waves? 

How strong is static in the horizontal plane? 

What relation has polarization to fading? 

Does a wave fade in the horizontal and the vertical 
plane at the same time? 

Can direction finders be made to compensate for 
errors due to polarization ? 

Many such questions may be asked and only a few 
can be answered definitely. If the idea of wave 
polarization is to be more than an empty phrase,.we 
must try to form in our minds a picture of what the 
wave itself consists before we can intelligently discuss 
the peculiarities of its behavior. 


THEORY OF WAVE MOTION 
This subject is being approached from two angles: 


‘One, the classical theory of light radiation in the ether; 


the other, the electromagnetic theory as we know it in 
electrical engineering. Both of these theories have 
their difficulties. The only positive knowledge we 
have of electricity is the electronic theory. We know 
that the electron is the smallest element of matter. 
We know its mass, its electric charge and how fast it 
travels. But we do not know what magnetism is. 
As a matter of fact there is good reason to believe 
that there is no distinct force that can be called a mag- 
netic field. Modern science also denies the existence of 
ether. We have tentatively substituted a conception of 
electromagnetic field, in which the energy appears 
sometimes in electric form and at other times in mag- 
netic form. This is a mathematical rather than a 
physical substitution, but it is convenient because it 
permits us to use the equations for the electric and mag- 
netic fields as used in electrical engineering. However, 
it is not an explanation. -To an electrical engineer, a 
magnetic field is very real and in its nature is quite 
different from an electrostatic field. From this point 
of view, it requires a good deal of imagination to con- 
ceive that a magnetic field is nothing but a manifesta- 
tion of a moving electrostatic field. Yet we may be 
forced to change our conception to that extent. This 
means the return to Faraday’s idea of tubes of force 
which are material bodies with mass and elasticity. 


The ordinary antenna consists of a vertical wire in 
which electrons periodically move up and down, and the 
space field, which accompanies the electrons, moves 
up and down with them. This moving space field is a 
physical reality. It has a mass and kinetic energy 
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stored in its motion and it has elasticity. A physical 
model of such a field can be built. The field itself ex- 
tends into space but the different portions of the field 
do not move simultaneously. This elastic, electric body 
moves in the only way in which one may conceive of a 
structure maintaining a periodic motion, thatis, in waves 
proceeding from the center. Themagnetic field is noth- 
ing but the kineticenergy of thismovingstructure. The 
electromotive forces which, according to our well- 
known equations, are induced by the change in the 
magnetic field, are nothing but the elastic forces which 
react against the inertia of this electrical body. 

With this picture in mind, it is not difficult to see 
the physical meaning of wave polarization. . The ordi- 
nary radiator hasa vertical conductor in which the elec- 
trons move up and down and the accompanying fields 
move up and down with them within a radius of one- 
quarter wave length. The inertia of this moving field, 
close to the conductor, is propagated through an elastic 
medium in accordance with ordinary laws of wave 
motion. In the wave which thus proceeds from the 
origin, every element oscillates in a vertical plane. 


Mecuanicat Mopret SHowina How «a PLanp WaAavi CHANGES 
Into A SPIRAL 


Thus the vertically polarized radiation is closely analo- 
gous to a wave on the surface of water. 

The radiator of horizontally polarized waves consists 
of a closed loop conductor in the horizontal plane. In 
this conductor the electrons circulate first in one 
direction and then in the other. 

MECHANICAL MODEL FOR STUDYING WAVE 
POLARIZATION 


A mechanical model has been built for the study of 
wave polarization in the laboratory. The model con- 
sists of weights suspended in such a way as to make 
them free to move in all directions. Twenty-two of 
these weights are arranged in a row and connected by 
rubber bands. Each weight is suspended from a yoke 
and an equal weight hung on the other side of the yoke 
to serve as a counter weight. A screen is set up so as 
to hide the counterweights and avoid confusion in ob- 
serving the wave motion. This model was set up es- 
pecially to study the twisting of the plane of polariza- 
tion and the experiment has strikingly confirmed the 
theory which it was intended to illustrate. This 
theory is briefly as follows: 

Let us assume that the medium through which the 
radio waves pass has such characteristics that the ve- 
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locity of propagation for a vertically polarized wave 
differs slightly from the velocity of the propagation fora 
horizontally polarized wave. For the present purpose, 
it is not necessary to try to explain the reason for this 
difference in velocity, but we may assume that the reason 
for it is the electrostatic or magnetic earth field or a 
retarding effect due to the closeness of the earth. 
Whatever the cause, we may assume that such a differ- 
ence of velocity exists and the mechanical model has 
been constructed so as to reproduce such conditions. 
Thus wave motions in the horizontal or vertical planes 
can be studied independently, and these two wave 
motions may be adjusted for different velocities. A 
wave started in the vertical plane maintains itself 
vertically and a wave started horizontally maintains 
itself horizontally. If, however, a wave is started ina 
plane 45 deg. between the vertical and the horizontal, 
it is found that the wave motion proceeding therefrom 
assumes the shape of a spiral. The straight-line os- 
cillation of the first weight is passed along as an ellip- 
tical motion which gradually widens into a circle. 
Then this circle again narrows down to an ellipse and 
finally to a straight line at right angles to the original 
line of oscillation. This is exactly in accordance with 
the theory. The point where the wave has shifted its 
plane of polarization 90 deg. is the point at which 
the faster of the two waves is half a wave length ahead 
of the slower wave. From this point on, the wave 
proceeds, repeating this peculiar spiral motion. 

The fact that the twisting of the wave is due to dif- 
ferent velocities in the two planes of polarization can 
also be demonstrated by this model. For such a 
purpose, the tension of the rubber bands between the 
counter weights is changed. The effect of this is to 
change the velocity of propagation in the vertical plane, 
whereas the velocity in the horizontal plane has not been 
affected because only the vertical motion is transmitted 
to the counter weights by the suspension yokes. The 
system can thus be adjusted so that the velocities in 
the horizontal and the vertical planes are exactly equal. 
After this has been done, it is found that the tendency 
to spiral motion disappears and the wave remains 
strictly in the plane in which it has been started. 

While this mechanical experiment brings out no new 
facts unknown to the classical theory of wave motion, 
it helps us to visualize the main phenomena in the radio 
wave propagation which we are trying to explain. The 
phenomenon of a constantly shifting plane of polariza- 
tion, discovered experimentally in the tests between 
Schenectady and Long Island, can thus easily be 
explained. 

This conception of the wave motion also is a help in 
explaining the phenomenon of fading. There is much 
experimental evidence that fading is a phenomenon of 
wave interference. In other words, the fading is due to 
the fact that the radio waves arrive at a certain point 
through two paths. The waves will sometimes add to 
each other and sometimes neutralize one another. If 
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one bears in mind the observations on the mechanical 
model and the fact that the waves in the two planes 
can be traced through, separately and distinctly, one 
may conclude that the two paths of the radio wave 
which produce fading are not necessarily two separate 
physical paths but may be the two paths in the horizon- 
tal and the vertical plane of polarization. For further 
illustration of this, a detector may be introduced into 
the mechanical model. If this detector is placed at a 
certain distance from the origin it is found that it gives 
no response when the system is adjusted for different 
velocities of propagation, whereas when the system is 
adjusted for equal velocity in the horizontal and verti- 
cal plane it gives a maximum response. Thus the 
phenomenon of fading has been reproduced mechan- 
ically through polarization in a single wave path. 

By this, it is not suggested that in actual radio trans- 
mission the mechanical equivalent is sufficient to ex- 
plain the fading. However, it is offered for what it 
may be worth as a help to interpret the many observa- 
tions in actual radio transmission which are being 
accumulated. 


IRREGULARITIES OF DIRECTION FINDERS 

It has been known almost since the beginning of 
transatlantic communication with long waves that 
measurements of direction of wave propagation with 
rotating loops show peculiar irregularities from the 
time of sunset. It has also been known among aviators 
that direction finder bearings on an airplane are correct 
only if the plane flies in the line towards the observing 
station. If the plane flies at right angles, the direction 
finder gives false orientation as high as 45 deg. or more. 
This false orientation is greater if the antenna is trailing 
horizontally. It is therefore attempted to keep the 


TRANSMITTING Loops Usep in Tests wHIcH REVHALED 


HorizontaLLy Pouarizep RADIATION 


antenna as nearly vertical as possible by a weight. 
A third set of observations has been brought out 
through the research work in Schenectady on horizon- 


tally polarized waves radiated by horizontal loop. 


Measurements with a direction finder receiver usually 
give bearings approximately at right angles to the place 
where the station really is, but sometimes it gives no 
direction indication at all. Other measurements indi- 
cate that. the direction of wave propagation is almost 
perpendicularly vertical. The observation that the 
wave appears to come straight down from above sug- 
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gested an explanation that wave components radiated 
directly upwards had been reflected straight down by 
the Kennelly-Heaviside layer. However, in view of the 
other facts to be considered this explanation seems less 
likely. 

Putting all these facts together it seems now that the 
old observations on the long wave, theairplane, and our 
recent work on the horizontal loop all may be explained 
as a characteristic behavior of the horizontally polar- 
ized wave. In all three cases, while the wave appears 
to come in from unexpected directions, it actualiy does 
not. When in the third case there is no direction in- 
dication whatever, and the wave appears to come in 
from above, this also is an illusion. The question is, 
what really does happen? 


TRANSMITTING ANTENNA FOR HoRIZONTALLY POLARIZED 
Waves and Recervine InstRuMENT INDICATING APPARENT 


Wave Drrecrion 
or PROPAGATION 


aT Riegut ANGLES TO TRUE DIRECTION 


This is the problem on which the experiment with the 
mechanical model can throw some light. For this 
purpose let us return to the idea that the radio wave is a 
mechanical wave motion in the elastic electric medium. 
In the mechanical model, the weights represent the 
mass and the rubber bands the elasticity of this medium 
and the vertical as well as horizontally polarized wave 
can easily be reproduced. But in order to imitate a 
wave motion over the surface of the earth, one must 
also in some way imitate the presence of the earth. The 
earth is a conductor and therefore the elastic strains 
represented by the rubber bands cannot exist in the 
earth. On the other hand, displacement currents 
in the electric medium can induce conduction currents 
in the earth. These conduction currents are electrons 
in motion which can be represented by weights not tied 
together by rubber bands in the horizontal plane, 
whereas they are electrically associated with the elec- 
tric medium above. To imitate this condition, weights 
may be hung by vertical rubber bands so that they are 
elastically associated with the wave medium but not 
connected to each other. If, now, a_ horizontally 
polarized wave is sent forth through this system, it 
is found that the wave motion is propagated to the 
vertically suspended weights producing elastic strains 
in the vertical rubber bands. It must be remembered 
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that the elastic strains represent electromotive forces 
and these elastic strains so produced are of the same 
character as if they were a part of a vertically propa- 
gated wave motion. No such wave motion actually 
exists and these strains are only the electromotive 
forces which induce currents in the ground. If we now 
assume that a receiving antenna is set up in the form of 
a vertical loop with its plane at right angles to the wave 
motion, the primary wave motion does not induce any 
currents in the loop. However, the secondary electro- 
motive forces, which induce currents in the ground, 
are in the plane of this loop and tend to induce such 
currents in the loop. In other words we may say that, 


EXxpPLoring ANTENNAS 


inasmuch as the currents induced in the ground are at 
right angles to the wave motion, the loop is in the 
plane of those ground currents which, in their turn, 
induce currents in the loop. 

If this theory is correct, it should be found that 
false indications of the direction finder and the appar- 
ently vertical wave propagation can be observed only 
in the proximity of the ground. Thus, if observations 
are madein airplanes high enough from the ground, 
the horizontally polarized wave should show a_hori- 
zontal plane of polarization with a true direction of 
propagation. 

Some measurements have been made which confirm 
these conclusions. By making frequent measurements 
to within ten miles of the station a set of tests: was made 
exploring the characteristics of a wave radiated from 
a horizontal loop. The composite picture which was 
obtained from this test was a continuously twisting 
plane of polarization with alternate points of plane and 
circular polarization. At intermediate points, the pol- 
arization was elliptical. The plane polarization was 
indicated by sharp directional bearings and circular 
polarization was indicated by equal intensity from all 
directions. The observations indicating plane pol- 
arization gave bearings sometimes towards the trans- 
mitting station and sometimes at right angles. 

Beside these measurements around the vertical axis, 
observations were made with the loop in the horizontal 
plane. On flat fields the horizontal position gave 
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nearly zero response. At the top of a steep hill and a 
high bridge, the response in the horizontal plane was 
equal to the vertical. 

These results indicate the presence of a horizontal 
and a vertical wave component with different velocity 
of propagation. Whenever the two waves are in 
phase, they give plane polarization. When they are 
90 deg. out of phase, they give circular polarization. 
The observation with the loop in the horizontal position 
on the top of the hill and the bridge shows that even a 
moderate elevation is sufficient with short waves to 
reach the point at which the horizontal electromotive 
forces are not short circuited by the ground. 

All this leads the author to believe that horizontal 
polarization is not confined to short waves only. Direct 
observation of horizontal polarization at long waves 
could be made only at great heights but indirect ob- 
servations through the effect of ground currents can 
be made by ordinary direction finders at any wave 
length. If this theory is correct it means that the ir- 
regularities of direction finder indications recorded on 
long waves can be explained by the presence of hori- 
zontally-polarized wave components. 


JORDAN RIVER TO PRODUCE 
ELECTRICITY TO REVIVE PALESTINE 


The waters of the Jordan River, in Palestine, once 
were regarded as having power to revive the souls 
and spirits of men; today the river is helping to revive 
industry in the Holy Lands. Bernard Flexner, presi- 
dent of the Palestine Economic Corporation, has 
announced that the new corporation will help finance 
the hydroelectric station on the Jordan which will 
supplement the electric power produced by oil-engine 
driven generators at the ancient towns of Tel Aviv, 
Haifa and Tiberias. 

The hydroelectric plant will be connected by trans- 
mission lines with the lines from the oil-engine stations 
to establish the beginning of a power system that some 
day may serve the whole of the Holy Lands. Factories 
there are now operated by electric power and the use 
of electric appliances in the homes is becoming more and 
more common. 


TREMENDOUS WASTES DUE TO BAD 
LIGHT 


The bugaboo of bad light in schools and factories is 
no imagination, according to Guy A. Henry of New 
York, general director of the Eyesight Conservation 
Council of America. Speaking at Boston May 28 
he stated that one-third of the six million retarded 
pupils in American schools were in’ their present 
condition because of neglected eyesight that could be 
partially corrected by proper illumination. Factory 
waste chargeable to poor lighting, he declared, totals 
thirty million dollars of industrial waste and industrial 


accidents due to poor lighting cause an annual loss of 
300 million dollars. 


Abridgment of 


Lightning and Other Experiences 
with 132-Kv.-Steel Tower Transmission Lines, and its Bearing 
on ‘Tower-Line Design from the Continuity of Service Standpoint 


BY M. L. SINDEBAND+* 


Member, A.I. E. E. 


Synopsis.—A large number of transmission lines have been 
erected without adequate consideration having been given to the 
ability of the line to stay in circuit electrically during the occurrence 
of lightning or other disturbance conditions. These come, however, 
within the range of the transmission engineer’s field of action. 

The author’s experience with a 55-mi., 132-kv. transmission line 
since 1917 to date is cited, the particular line being one which has 
been very successful from @ standpoint of continuity of service. 
Further experience with other lines built with variations on the origi- 
nal design and placed in service in 1924 and 1925 is given. A de- 
tailed analysis is given of eighty-eight cases of lightning trouble on 
one of these lines during 1925, the various steps taken to reduce the 
frequency of this trouble, the effect of increased clearances and 
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separations, of additional insulators, of flux control units, and of 
arcing horns and shields on the amount of trouble and on the damage 
to insulator and conductor are discussed both from the standpoint of 
actual experience and from the laboratory analyses and investiga- 
tions made. 

A general discussion of the ground wire and its effect on lightning 
voltages is given and the arguments for and against it are discussed. 
The importance of paying attention to the mechanical side of the 
ground wire and the effect of such attention on continuity of service 
is pointed out. 

A summation is given of the analysis and experience of the 
authors in operation of 132,000-volt lines as applied to transmission 
line design from the standpoint of continuity of service. 


IGHTNING disturbances, if they are electro- 
static disturbances, are, of course, beyond the con- 
trol of the engineer but the effects of these dis- 

turbances on the transmission system are partly within 
his control and are within his province of action, and 
any transmission line that is not designed with a view to 
properly standing up under lightning conditions, has, of 
course, not been adequately designed. It is an un- 
doubted fact that a good many lines have been designed 
in the past, and even in the last five years, where the 
factor of the ability of the line to stay in circuit under 
lightning disturbances has not been adequately taken 
into consideration and it has taken actual operating 
experience to disclose that fact. 


132-Kv. LINES CONSIDERED 


The author’s first extensive experience with a 132-kv. 
line was with the 55-mi. transmission line built on 
double-circuit steel towers and running from the Wind- 
sor Power Plant of the Ohio Power Company and of 
the West Penn Power Company, located approximately 
12 mi. north of Wheeling, W. Va., to Canton, Ohio, 
the line running in an approximately straight north- 
western direction. A sketch of this tower as well as 
pertinent design data is shown in Fig. 1. This line 
is equipped with two-ground wires, 3 in. diameter 
Siemens-Martin, and was placed in operation late in 
1917. The line is insulated with 10 disk units at sus- 
pension points and 12 units at dead-end points. When 
this line was put into operation there were operating 
four 30,000-kv-a. steam turbine units at the Windsor 
Plant and these constituted practically 80 per cent of 
the capacity connected to the 132-kv. transmission 
system of which these two lines formed a part. The 
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line has had altogether 41 interruptions due to lightning 
since it was put into service, and divided by years as 
follows: 


OES Fae OR ree Ze LZ 4 

UTS ce oer LE Ey A Nee 6 

1049 Saget 3 LOZoe te 4 

1920 Sosa ae D. LOZ ee 6 
LOD ac Braet “f 


In 10 per cent of the cases both lines were affected. 
All but four of these interruptions were such that they 
did not affect in any way the insulators or the con- 
ductor nor did it require any work to repair these. On 
the four other occasions mentioned the insulator string 
was flashed and damaged to a point necessitating a 
change and the conductor dropped to the ground. The 
ground wire was removed from over all the railroad 
crossings on the Windsor-Canton line during 1924, the 
work being completed by the end of August. In 1925, 
12 mi. of ground wire were removed at each end of the 
line, this being done as a precautionary measure. The 
wire was actually not in very bad condition but atmos- 
pheric conditions at both ends of the line were rather 


‘bad and there was danger of deterioration developing to 


a point that would be dangerous. Up till now this 
wire has not been replaced. It will be noticed from 
the operating record that the number of interruptions 
apparently did not in any way increase due to the re- 
moval of this ground wire although perhaps a sufficient 
time has not elapsed for this point to be known defi- 
nitely. Thus much is known, however; all the trouble 
encountered in 1925 was on sections where ground 
wire was installed. It will be noted that in general 
the history of operation of this line has been a highly 
successful one, and that the line has given such uniform 
continuity of service as to make possible the supplying 
of a load to the City of Canton amounting to well over 
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60,000 kv-a. dependent entirely upon the transmission 
line for its power. 

During 1923 and 1924 the construction of three 
additional lines in Ohio was undertaken as follows: 

1. A 73-mi., double-circuit line from the Philo 
Plant of the Ohio Power Company, located at Philo, 
Ohio, on the Muskingum River, south of Zanesville, 
and running to Canton, Ohio. 

2. A 15-mi., single-circuit line, but strung on the 
same type of towers as the Philo-Canton line, running 
from Philo to Crooksville, Ohio. 

3. A 45-mi., single-circuit line from Fostoria, Ohio, 
running approximately southwest to Lima, Ohio. 
This line, too, was to be built on a double-circuit trans- 
mission tower with only a single-circuit strung. 

During 1924 and 1925 there was again constructed 
a 129-mi. line of the same type of structure, with only 
a single-circuit strung but utilizing 397,500-cir. mil., 
A. C. S. R. instead of 336,400 A. C. 8. R. used on the 
three lines previously mentioned. This line runs 
from Lima, Ohio, to the Twin Branch, Indiana, plant 
of the Indiana & Michigan Electric Company which 
is located on the St. Joseph River, approximately 
8 mi. east of the city of South Bend. 

The tower utilized on all these lines is shown in 
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Fig. 2. Comparing Figs. 1 and 2, it will be noticed 
that a number of changes were made between 1915 
when the Windsor-Canton tower was designed and 
1922 when the Philo-Canton tower was designed. It 
will be seen that the height of the bottom crossarm 
was raised from 50 ft. to 64 ft., the vertical crossarm 
spacing was raised from 12 ft. to 13 ft. and the height 
of the upper crossarm was raised from 74 ft. to 90 ft. 
Further, while the Windsor-Canton tower was designed 
and erected with two ground wires, the Philo-Canton 
and other towers were all designed for but one possible 
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ground wire and none was actually installed. A large 
number of factors brought about this change in the 
design: 

1. In the first place, transmission line construction 
costs increased greatly between 1917 and 1922. The 
increase was not only brought about by the increased 
cost of materials and the higher cost of labor, but also 
by the increasing cost of right of way. A definite 
conviction had come about that lines were costing too 
much and that an attempt should be made to lower 
the cost, and the most logical and natural suggestion 
was the lengthening of the average span, making pos- 
sible, of course, fewer points of anchorage along the 
right of way, fewer points of suspension and less steel 
in towers, ete. 

2. It seemed logical to conclude that a line with 
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Lines (1923-1925) 
fewer points of support, that is a line with fewer in- 
sulators in it, would be better electrically. 

3. By lengthening the spans, it was possible to 
take full advantage of the additional mechanical 
strength obtainable in a steel-reinforced aluminum 
cable which, from a conductivity standpoint, it was 
possible to purchase on a cheaper basis at the time 
these lines were built than straight copper. 

4. The experience that had been obtained both 
in the operation of the Windsor-Canton line and in the 
operation of a large number of 66,000-volt lines, some 
of which had been equipped with ground wires and 
others of which were not, as well as the correlation of 
similar operating experience of other engineers over 
that same section of the country, seemed definitely 
to indicate that the ground wire was doing more harm 


a 


July 1926 


than good on the lines about which anything was 
known, on operating voltages up to and including 
132,000 volts. Definite examples extending over 
years were cited by the operating people to show that 
removal of the ground wire over sections of line where 
such ground wire had been giving trouble due to the 
ground conductor getting entangled in the main 
conductors under storm conditions or to breakage in 
other ways, had materially improved system operation 
and caused in no case any increased trouble. In fact, 
there did not seem to be any cases of trouble that could 
definitely be ascribed to the omission of such ground 
wires. In short, operating experience, although per- 
haps not properly evaluated, seemed to show that the 
ground wire was doing more harm than good and that 
an improvement in operation could be obtained by its 
omission. It was known, of course, that where the 
ground wire had given trouble it was brought about by 
mechanical weakness and that it was possible to in- 
stall a ground wire free from such trouble, but when 
the expense of this was taken into consideration 
and balanced against the then existing experience, 
it did not seem worth while to make this additional 
expenditure. 

The Philo-Canton and Philo-Crooksville lines were 
put into service in September, 1924, the Fostoria-Lima 
line was put into service August 1924, and the Twin 
Branch-Lima line was: put into service September 
1925, all of them being put into operation initially at 
the rated voltage, that is 182,000 volts, with the ex- 
ception of the Fostoria-Lima line, which was operated 
at 66,000 volts until September 1925 when it was cut 
over to 132,000 volts. Very little trouble was experi- 
enced with the Philo-Canton line during 1924 although 
definite records are not available. It is believed, how- 
ever, there were actually no flashovers. The history 
of this line during 1925 is shown in the tabulation under 
Table I which gives in as complete detail as was possi- 
ble to obtain, 88 cases of trouble on the line. The 
experience falls naturally into four groups: 

1. The group covered by cases 1 to 15 inclusive 

2. The group covered by cases 16 to 35 inclusive 

3. The group covered by cases 36 to 68 inclusive 

4, The group covered by cases 69 to 88 inclusive 


ANALYSIS OF THE FOUR GROUPS 


An examination of the first 15 cases of trouble shows 
that all but one case of trouble were exclusively in the 
top conductor. In 11 of the 15 cases one or more in- 
sulators were shattered and in 13 of the 15 cases con- 
siderable damage was done to the conductor. The 
question of the arcing and the points between which 
the are took place has never been definitely cleared up 
although the table attempts to show how this actually 
happened. A check-up on this information, however, 
disclosed that the field inspectors in many cases were 
able to get no definite evidence and in a good many 
cases guessed as to what happened, very often not 
guessing correctly. However, the information was the 
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best obtainable and has been allowed to stand for 
whatever light it may throw on the situation. It is 
perhaps pertinent to point out that the question of 
field information in all these cases is generally the most 
difficult question to take care of and is one of the rea- 
sons, perhaps, why so much loose thinking has been 
done on the subject. 

The second group, covering cases 16 to 35, embodies 
experience on the same line with the so-called flux 
control units. The theory underlying it has been set 
forth by Mr. A. O. Austin in a group of papers which 
are given in the bibliography. The underlying idea 
is that an insulator placed at the end of the horn and 
mounted below the insulator string will give a screen 
effect and will prevent the formation of so-called stream- 
ers on the conductor and subsequent ionization and 
eventual breakdown of the air surrounding the insulator. 
Regardless of the apparent weakness of the theory, it 
was nevertheless decided to give this system a trial in 
view of the fact that information (and this information 
again had to be obtained in a hurry with no chance 
for proper investigation or check-up) given by other 
operating companies having systems of the same volt- 
age was very emphatic in the statement that the ap- 
plication of this system had resulted in an almost com- 
plete elimination of the flashovers on their systems. 
It therefore seemed advisable, while the lightning 
season was on and in view of the fact that this equip- 
ment could be installed in very quick time, to give it a 
trial and find out exactly what it was worth. Conse- 
quently the two top conductors of the Philo-Canton 


Fic. 3—INSTALLATION oF ‘“‘Fuux-ContTROL” ON PuHtLo- 


Canton LINE 


The change to 12 units was a later change, the original installation 
consisting of 9 units 


line were equipped with these controls, one of the 
10 units being removed to allow its installation without 
lessening the ground clearance. A typical view of 
such an installation is shown in Fig. 8. It shows, 
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TABLE I 
REPORT ON INSULATOR FLASHOVERS, PHILO-CANTON LINE, 1925 
a an iddl 
Pole or BO Type Oe: op,middle “ads 
e u7,|Angle & insul. | Unitsin} Cross | Ground | or bottom Arcing : nn 
CaseNo. Tr ; Type 6a degre assem. string | arm ext. wire |conductors protection ; Damage to insulator 
2 29 Strai 2 N Top 2 horns East string flashed—4 units shattered 
; ioe n ; B 5 i ao iG ae e a None Three top ‘units shattered 
3 133 alse 0) roe 10 s a cs ss ae string flashed 
. . < ae “e “ce “e “e I one ¥ 
5 176 B i 0 Ms 10 § es c Fs Entire string flashed top & bot. units shattered 
7A phe B 9 0 “ 10 “ “ “ ie Entire string flashed two top units shattered 
° mee B il (9) 3 10 s ¥ a e Entire string flashed top unit shattered 
fs ¢ “ “ “ Top & mid. ce i 
S 230 B 4 5 “ a “ “ ie a oD Entire string flashed top unit shattered 
ti 330 B 1 0 « 10 “ Gs Mid. ie Entire string flashed top unit shattered 
a 202 A 1 fn) « 10 « “ Top o Entire string flashed two top units shattered 
12 203 I Be 10 iG i ie se Entire string shattered 
13 234 Baise R-7 Us 10 a Gs iy s Entire string flashed none shattered 
1: 152 (@) 1 0) Strain 12 ts if se 2 horns None 
i5 ise loo: |e 0 ‘i 12 y 7 Two insulators shattered 
16 126 B 2 (6) Susp. 9 iy os Flux con. Pwo insulators s Ae rie , 
“icin betel cots : 9 “ “ ; Top iasuleiar dacted 
i9 "3e é 5 145 Strain 13 S ih & None Two units shattered on Philo side 
20 100 A 2 (6) Susp 9 cts S ifs Flux con. Entire string flashed—two top units shattered 
21 167 B 2 0 ES 9 ¢ if a ae top units shattered 
© Led A : “ee “ “ce “ec } one : 
ge ee e : " “ @ «“ « Ke m0 Entire string flashed—two top units shattered 
ay a e Z " & 3 «“ « tt ee Top unit shattered 
35 al bale : Strai 3 B ec G None Two units shattered on Philo side 
25 201 C 2 L-30 Strain 12 ) ; 
26 202 A 1 0 Susp 9 Gs a Flux con. Entire string flashed—2 top units shattered 
27 203 A 1 (0) ero 9 th sé 2 Ke Entire string flashed—1 top unit shattered 
28 207 C 2 R-14 Strain iL? we as S None 5 units shattered on inside string 
29 209 B 2 (0) Susp 9 0: Ks MG Flux con. Entire string Heshod 72 top units shattered 
5 Ue 9 “ & 6“ Two top units flashe i 
31 306 B j 0 Strain 12 ss “f None One ee OU asa ore: Putas into 
: 2 w 2 &“ Oe Ws Several insulators flashe : 
33 786 a 2 0 Susp o “ fe Flux con. Entire string flashed—2 top units shattered 
34 49 Ae a te 0) tis 9 « as « 2 top & 2 bot. units shattered 
35 66 A 2 0 cs 9 6 ss None Entire string flashed—3 units broken 
36 249 B 2 (0) S 9 “ aa Flux con. Entire string flashed—top unit shattered 
37 271 B ib (0) s 9 ee “ kas Entire ooeine packed? top units shattered 
2 ai « as es Top unit flashe ; 
39 ope 3B 2 0 D-susp x xe ef Ss Bot. unit broken—top unit flashed 
40 271 B 1 10) Susp. 9 i os ce Entire string flashed—2 top units broken 
41 249 B il 0 ae 9 se As oe Entire string flashed—2 top units broken 
42 197 B 2 0 es 9 ss os re Top unit shattered 
43 88 A 2 0 § 9 b S ss Top unit shattered 
44 69 B 2 0 ss 9 « ff ee Top unit burned d 
45 40 A 2 (0) e 9 e “é ug Entire string flashed—3 top units broken 
46 NSS Sisal Pr Switch 9 se ees ay 
7 Ss SS re Bus ns be ; , = : 
rs a B i (0) Susp 9 ss Top Flux con. Entire string flashed—3 top units broken 
237 Strai 2 es Mid. rcing horns str Sa 
49 237 o> 2 0 Strain 12 Mid A h 1 string burned off—all but 3 units burned 
50 22, B 2 | L-1-38 | Susp ss Top Flux con. 2 top units broken—3 units flashed 
51 167 B 2 (0) ef 9 AE “e es Top unit broken { 
52 19 B it (0) a 9 eg Oe rs Entire string flashed—top unit broken 
De 19 B 1 (0) of 9 ide Mid None Entire string flashed—top unit broken 
52 19 B 1 0 2 9 ce Bot. 2 Entire string flashed—top unit broken 
53 19 B 2 (0) 9 G Top Flux con. Entire string flashed—2 top units broken 
54 19 B i (0) ce 9 a Mid. None Entire string flashed—top unit broken 
55 153 A 1 0 oe 9 C3 Top Flux con. Entire ee feshote bot. units broken 
s & G3 N cS iy 2 top units flashe 
Be 166 & i 0 D-susp 3 re ¥ < 2 ion units broken 
58 172 Cc 2 (0) Strain 12 No ss “ None None ; 
59 212 Cc 2 1) Strain 12 No No - Tee None 2 units broken—1 flashed—hboth strings 
60 NSS | Sub/ 1 Pillar 3 3 op No. 1 ie ; 
61 Oe A 2 (0) Susp. 9 No hs Top Flux con. 1 unit broken 
62 270 C 1 (0) Strain 12 eS . cs None None 
63 200 C 1 (0) i 12 : i a 6 1 unit broken : 
64 260 A 1 (0) Susp. 10 < os Mid ee Toe as units flashed 
€ 9 “ “ee <4 “ce “ “ce oO uni as e 
66 362 3 i 0 ty se oe . Bot. eS 2 anil broken 
67 262 B 1 0) s oe gs a Mid ee 4 units broken 
68 262 B 2 0 Ts “ “ce “ce “ce “ce 2 units broken ‘ 
69 46 B 2 0) a 2 0 ce ss « Entire string flashed—top & bot. units broken 
70 132 A 2 (0) x xe 7 se as Entire string flashed 2 
71 132 A 2 0 sf ct s Bot. ss ae string jashod top & bot. units broken 
ee 132 A 1 0 Ge 12 Yes sf Top Flux con. ntire string flashe : : 
73 132 A if (0) -: 10 oe gs pores moe Entire ing ened for unit broken 
74 93 B 1 (0) ¢ 12 es fs op ux con. op units broken ; 
ao 93 B 1 (0) es 10 No e Mid. None Entire string flashed—top & bot. units broken 
76 93 B 2 0 Susp. 10 ae No Hee a Noe pelts string flashed—top unit broken 
UG 93 2 10) = 2 es 4 op ings horns} None ; 
78 199 C 1 0 Strain oe ‘s a st poe ae ere units broken 
79 229 B 1 (0) Susp. < es as Gs ux con. units flashe 
80 229 B 2 0) ne g e rs 3 Rings & horns pure eerie Pastor 
81 230 B 2 0 ce as s “s ee Flux con. op unit broken 
82 262 B 2 0 Susp. 12 Yes No Top Flux con. 2 top units broken : 
83 276 A 2 (0) TZ, Yes No Top Flux con. Entire string flashed—2 units broken 
84 207 C 2 R-15 Strain ee No < ie Ring & horn eae broken—4 units flashed 
85 151 CG 2, 6) “cc “ee “ “ ““ “ee one 
86 232 B 2 0 Susp. s Yes ss sf Flux con. None | 
87 234 B 1 R-7 ie No ss Bot. None Bot. unit broken : 
SS eon |e mee 2) nO 2 \ ss |} SAE |] © Top | Ring & horn | Entire string flashed—1 unit shattered 


however, 12 units in the string, this being a change 
which will be discussed later. The original installation, 
however, went in with nine disk units. 

An examination of cases 16 to 35 shows that the 
installation of these controls in no way minimized the 
trouble nor was there any change in shifting of the 
trouble from the top conductor to the other two con- 


ductors; in other words, all cases of trouble in this 


group were exclusively in the top conductor. 


The one 


marked change was that the shattering of the insulators 
seemed to be confined more closely to the two top 
units, the control assembly acting apparently as a not 
overwell designed horn and as such being subject to 


considerable burning of its own. 


This is shown in 
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TABLE I Continued 
REPORT ON INSULATOR FLASHOVERS, PHILO-CANTON LINE, 1925 
a 
Power Arc 
Case Damage to_ Damage to arcover 
No. arcing protection conductor string From To From To 
34” burned off ends both arcing horns None Yes Horn Horn 
1 Rae = Pitted aluminum over wide stretch Cond. Brace Cage 
2 Cond. badly burned—4 str. steel holding ce Me % as 
3 Badly burned 25’ north of clamp 3 str. stl. 
Holding No ee % os 
4 None Yes Clamp Top cap 
5 Badly pitted 45’ toward Canton c Cond. « 
6 Outer layer Al burned toward Philo 12/ uy % Cage Top cap 
7 Outer layer Al burned toward Philo 12’ No se ns Brace 
8 3 strands Al burned 3” from clamp Yes sf Top cap 
9 Outer layer Al burned 12’ toward Philo is Cond. i 
10 Alum. burned thru stl. core not dam. ds fe 4s 
11 Top layer alum. burned 5’ toward Philo se f Cage Top arm 
12 ee Top layer alum. burned 5’ toward Philo y “f Top arm 
13 _None Cond. badly burned in loop No Loop Cage Top arm 
14 , Cond. badly burned in loop a of ¢ a 
15 Flux control insul. broken—arm burned Aluminum burned thru Yes |Fluxcont.horn Top 
16 eniee : Conductor pitted = Cond. Cage 
17 Conductor pitted @ # 
18 Span None a: 3 Top arm 
19 | 1 flux control unit shattered hole burned in | Cond. damaged 25’ toward Philo He # Cage Top arm 
arm 
20 | 1 flux control unit shattered None S FCA Top cap .: 
Dail mca Cond. damaged 7’ toward Philo No Cond. Cage Be 
22 eke abe Cond. damaged 6’ toward Canton Yes Z Top 23 
23 1 flux contro! unit burned Cond. damaged 30’ toward Canton ye Flux cont. arc} Top cap on 
24 ne Cond. badly burned in loop Ss Loop ys + 
25 | Flux control arm pitted Cond. badly burned 15’ toward Canton i Cond. Cage me Top arm 
26 1 flux control unit damaged None € flux cont. arm ¢ ai 
27 : Cond. badly burned in loop ¢ Cond. Top arm Ae 
28 1 flux control unit & arm burned Cond. burned both sides of clamp ee FCA Cage = Top arm 
29 1 flux control unit broken Cond. damaged 25’ toward Canton * a Top a 
30 2 ete Cond. badly burned in loop oe Loop Top cap 25 Top arm 
Su) SS see Cond. badly burned in loop x ¢ Top arm .e 
32 1 flux control unit shattered Cond. damaged 20’ toward Philo Ne Cond. g an 
33 1 flux control unit shattered arm burned Cond. damaged 10’0n Canton & 4’on Philoside eo FCA Cage Ay Top arm 
34 Ore Cond. pitted 10’ toward Canton ss Cond. Top arm a3 
35 | 1 flux control unit shattered—arm burned} Cond. burned 2’ from clamp v FCA Cage Cond.| Top cap 
36 1 flux control unit shattered Cond. burned 10’ toward Philo oY Clamp aa : 
37 1 flux control unit shattered—arm burned None % CCA Cage Cond. a 
38 1 flux control unit shattered end of arm None 3 tf An : 
39 |1 flux control unit shattered hole burned in 
arm Cond. damaged both sides s ts rs Cond o 
40 |1 flux control unit shattered Cond. damaged 2’ toward Philo “ e ¢ _ 3 
41 | 1 flux control unit shattered None ‘e as . 
42 1 flux control unit shattered hole burned in 
arm None “ce “ is ae “ 
43 1 flux control unit flashed None s f Cage ee S 
a 1 flux control unit shattered arm burned ofi| Cond. damaged 10’ toward Philo ss P : of a 
46 cits ents 
47 1 flux control unit shattered arm burned Cond. burned 15’ toward Canton Yes FCA brace &cage| Cond. | Top & cap 
48 Arcing horn tower end 1” burned off Cond. slightly pitted in loop ies Horn Horn ses Tower cap 
49 None Cond. slightly pitted ee Clamp Cond Top cap 
50 Cond. badly burned on Philo side se Cond. Cage brs ‘ 
a! Flux control unit flashed—arm burned Cond. pitted 328’ toward Philo of 4 Bic BA ~ 
52 BP Cond. pitted 320’ toward Philo < ag ie 
52 nies. Cond. pitted 175’ toward Philo e 
52 None Cond. burned 2’ toward Philo ac ie oe ‘a 
53 eee Cond. burned 2’ toward Philo eg sf ar at: - 
54 Flux control arm burned off Cond. damaged 10’ toward Canton a FCA Cage Cond. 
55 Flux control unit burned Cond. damaged 5’ toward Philo Sy Cond. Top cap Hanger 
56 Flux control unit shattered None sf FCA Top arm .Top cap 
57 gente Loop badly burned No Loop Cage Top arm 
58 Loop burned Yes Clamp Tower yoke Tower cap 
59 Yes |Blade contact] Ground 
Steel 
60 None Cond. burned toward Canton No : 
61 SOx Loop and 10’ of cond. toward Philo dam Yes Cond. i teegy 
race 
62 None fe 
63 Cond. burned both sides of clamp Yes Cond. Top cap 
64 None Not determin/ed 
65 Cond. burned 20’ toward Canton ff Cond. Top cap 
66 Cond. burned 20’ toward Canton ie a 
67 Cond. burned 20’ toward Canton Yes ee MS 
68 None 3 
69 Cond. burned 15’ toward Philo ee Cond. Top cap er top 
ase 
70 nate Cond. burned 15’ toward Philo se ae * Mid phase 
71 None None “ “ “ 
72 on hee None “ “e “ee 
7s None None A 
74 Coe None ss Clamp Top cap 
75 
76 Cond. damaged 15’ toward Philo eS Cond. Top cap 
74. Cond. damaged 15’ toward Philo os Mid. cond. | Top cond. 
78 Ring marked—3” None sf Ring Top caps 
79 None Cond. damaged 40’ toward Philo i Cond Top arm 
80 None Cond. damaged 15’ toward Philo sé Ring Horn 
81 None Cond. damaged 30’ toward Philo ‘f Cond Top cap 
82 ae Cond. damaged 3’ toward Canton—6’ toward 
Philo Yes Cond Top cap 
83 2 flux control units broken Cond. dam 2’ toward Philo Yes FCarm Top arm 
84 None Loop & cond. toward Canton pitted No Loop Top cap 
85 None Cond. pitted in loop a Top arm 
86 | 1 flux control unit broken F None 4 
87 Bhavana Cond. slightly damaged Yes 
88 None Cond. burned 5’ toward Philo ee Ring Horn 


Figs. 4 and 5, which are quite typical 


pened to some of the horns after flashover. 
The next group, which covers cases 36 to 68, covers 
a period during which a new series of changes was made 


as to what hap- 


harmless or practically so. 


on the line in an attempt to see whether, without re- 
sorting to a ground wire, flashover could not be pre- 
vented or reduced to a point where its effect would be 
In view of the fact that the 
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TABLE I Continued 
REPORT ON INSULATOR FLASHOVERS, PHILO-CANTON LINE, 1925 


Line siete 
Date opened |No. times Line Line Did line 
Case of How trouble automatic line out at in at open at Means taken Ba 
No. failure was located or manuel | opened (time) (time) both ends to correct on 
a 3-26 Call by employee Auto. 1 5:48PM] 5:51PM Yes Remove arc horns Rain & Lightning 
2 3-26 Call by employee Hi 1 5:62 PM| 5:53PM iy Flux control ;; 3 
3 3-26 Call by employee < 1 - ce Z Flux control ‘ e 
4 4-2 Call by farmer Me 1 6:00 PM} 6:33 PM es ps “5 * 
5 4-16 Normal patrol ATS 0 ahs a a ux con 
6 4-19 | Normal US Auto. 1 11:28 AM} 11:29AM Yes Flux control Rent ' Gightning 
7 4-25 Normal patrol cs 1 8-22 PM] 8:31PM Canton Flux control Rain aghtning 
8 4-25 Normal patrol "2 1 es 8:30 P M < Flux control ef 
9 4-25 Normal patrol & Flux control is 
10 4-25 Normal patrol & Flux control 3 
11 4-25 Special patrol & ; Flux control ve 
12 4-25 Normal patrol ¢ 1 8:24PM] 8:30PM Philo Flux control 3 
13 ? Normal patrol - Flux control > 
14 5-16 Call by employee se 1 9:28 PM | 9:23 P M Canton Remove arc horns vs 
15 5-16 Call by employee fs il g Yes Remove arc horns a 
16 5-16 Normal patrol = 1 7:A45PM| 7:47PM sf Flux control s 
Li i. Call by employee S 1 9:26PM| 9:28PM Ud Flux control 
18 ? Call by employee ce Flux control i 
19 5-21 Special patrol ¢ 2 3:52PM| 3:55PM Yes Remove arc horns s 
20 5-23 Call by employee Cy 1 9:26PM| 9:27PM <4 Flux control 9 
21 5-21 Normal patrol 1 3:52PM | 3:53 P M Ke Flux control * 
22 5-21 Normal patrol v3 Flux control 2 
23 5-21 Normal patrol i 1 3:34PM | 3:55PM Yes Flux control " 
24 5-23 Normal patrol Ws 1 9:26PM |. 9:27PM Flux control ¥ 
25 5-23 Normal patrol ss 1 10:25 P M | 10:26 PM us Remove arc horns a 
26 5-21 Normal patrol 4 1 10:43 P M | 10:44 PM a Flux control , 
27 5-21 Call by employee Auto. (# 2) 1 10:51 PM | 10:52 PM ig Flux control ¥ 
28 6-6 Normal patrol Auto. (#2) 1 12:02 P 12:04 P nM Remove arc horns de 
29 6-6 Normal patrol Auto. (#1) 1 12:04 P 12:05 P ‘ Flux control is 
30 2 Normal patrol Auto. (#1) 1 12:04 P 12.06 P ce Flux control ba 
31 6-6 Norma! patrol Auto(# 1,2) 1 12:06 P 12:08 P#2 4 Remove arc horns : 
32 2 Normal patrol Auto. (* 2) 1 132 P i332: ee Remove are horns - 
33 6-6 Normal patrol Auto. (#2) 1 158 P Lebo, sf Flux control es 
34 ? Normal patrol Auto. (#2) 1 2:04 P 2:05 P 5 Flux control i, 
35 3-26 | Normal patrol Auto(# 1,2) 4 Flux control i 
36 6-24 Normal patrol Auto. 1 11:30 PM | 11:32 PM “f Add units X-arm ext. R.& H. Z 
BYE 7-2 Normal patrol se 4 10:29 AM |} 10:31 AM a Add units X-arm ext. R.& H. . 
38 6-27 Call by employee ye 1 3:112PM| 3:13PM or Add units X-arm ext. R.& H. ;. 
39 ss Normal patrol s 1 ce is Add units X-arm ext. R.& H. ‘ 
40 7-2 Normal patrol “ 2 10:29 AM | 10:31 AM es Add units X-arm ext. R.& H. : 
41 ue Normal patrol a 2 s G ec Add units X-arm Flux control x 
42 7- Normal patrol a 1 247PM| 2:48PM oy Add units X-arm R. & H. 3 
43 ss Normal patrol s 1 2:52PM | 2:53 PM 4 Add units X-arm flux control 3 
44 i Normal patrol a if 2:54. P M2355 PM ‘e Add units X-arm R. & H. 
45 7-4 Normal patrol S 4 4:10PM} 4:12PM o Add units X-arm flux control 
46 7-6 toll | Redman ae Ae 6 a ‘: 
_47 |7-6toll a, ie ee me i os s 
48 7-2 Normal patrol Auto. 2 10:29 AM | 10:31 AM Yes Add units X-arm ext. R.&H. ; 
49 7-10 Report by Hare e 1 3:336AM| 3:37 AM & None | " 
50 7-10 Report by Hare ss 1 3:52 AM | 3:53 AM ic Add units X-arm ext. R.& H. 
51 7-10 Normai patrol e 2 4:02 AM} 4:03 AM % Add units X-arm flux control es 
52 7-10 | Normal patrol Manuel 1 8:00 AM} 8:04AM Philo Add units X-arm flux control a5 
52 7-10 | Normal patrol 1 i None 2 
52 7-10 | Normal patrol 6 “il “ o 
as 7-10 Normal patrol Auto. il 8:00 AM} 8:03 AM Yes Add units X-arm ext. R.& H. if 
54 7-10 Normal patrol “s 1 s fs ee None F 
55 7-25 | Call employee s 1 9:19PM] 7:20PM Philo Add units X-arm ext. R.& H. Se 
56 7-16 | Normal patrol “¢ 1 1:04PM] 1:05PM Yes Add units extend arm oS 
LYE 7-25 | Call E* ue 1 7:19PM| 7:20PM Philo -| Add units extend arm S 
58 7- Normal patrol s 1 2°54. PM || 2355 PM. Yes Extend arm ss 
59 7-16-25 | Normal patrol Auto il 12:34 PM | 12:35 P M Yes ss 
60 7-25 Call E* ee 1 TAOIPM | 7:20 PE Philo oo 
61 7-16-25 | Call E* Bs ih 1:04PM] 1:05PM Yes R.& H.* Add units extend arm - 
62 7-25-25 | Call E* Hare ss 1 7:19PM] 7:20PM Philo R.& H* ss 
63 8- Call E* Hare g 1 10:53 PM | 10:55 P M Yes R.& H.* id 
64 “ce Call E* “ 1 “ “ce “ce None to date “ 
65 s Call E* 1 OS 11:01PM a None to date <¢ 
66 ? Call E* Probably caj| used from None to date a 
67 2 Call E* Trouble of |8-5-25 None to date es 
68 8-10 Call E* Auto. 2 3:31PM] 7:43PM Canton None to date oe 
69 8-18 Special patrol Y 1 10:10 PM | 10:11PM $ 9-1-25 add 2-units S 
70 cs Special patrol es 1 S o CY 9-1-25 add 2-units s 
71 2 Special patrol os 1 Gs as s None to date « 
Fee 8-12 Special patrol ss 1 11:05 PM | 11:06 PM Yes 9-1-25 add 2 units to mid. cond. > 
73 ce Special patrol 6 il ee ce eS 9-1-25 add 2 units to mid. cond. oh 
74 9-3 Call E* Sowell “ 1 4:03 AM | 4:05 AM |Canton only} 9-1-25 add 2 units to mid. cond. ss 
Ue S Call E* Sowell s yy 4:07 AM | 4:46 AM Yes 9-1-25 add 2 units to mid. cond. 2 
76 9-3 Special patrol Auto. 7 4:03 AM Yes 9-1-25 add 2 units to mid. cond. oe 
hal ce Special patrol if 7 5:11AM “6 ce 
78 by Special patrol e - 
79 i} Special patrol MS Caused by|trouble Hy 
80 6 Special patrol < of 9-3 Ke 
81 s Special patrol “ 
= 9-3 Rpocatparol Auto. eo 
ormal patro Unk 
84 Call E* nown 
85 Normal patrol «ce 
86 Normal patrol = 
87 Normal patrol “ 
88 Normal patrol “ 


so-called flux control unit very definitely did not seem 
to do what the sponsors claimed it would do, it was 
decided to test out three other changes and these con- 
sisted of the following: 

1. The top-arm was extended two and one-half feet 
in each direction, making it the same length as the 
middle arm and the hanger of the middle arm was 


lowered approximately 2ft.,10 in. on the cage. This is 
shown in Fig. 6. This made it possible to increase the 
insulation on the top arm, where the trouble again 
seemed to be centered, from the original 10 units to 12 
units, and this change was made on the entire line. 
This, of course, was based on the theory that the light- 
ning voltages were not very much in excess of the flash- 


os 


July 1926 s 


over voltage of the top string and it was thought possi- 
ble that the installation of two additional units would 


raise the flashover of the string to such a point that the 


Fig. 4—Tyricat Burnina or ‘‘Fuux-Controv’”’ Horns anp 


InsuLators Puito-Canton Line (1925) 


induced voltage would not exceed the flashover voltage 
of the string in at least, say, 90 per cent of the cases. 

2. The moving out of the point of attachment 
of the top string of insulators resulted in a greater 
clearance between it and the second arm hanger. The 
object of this, of course, was to increase the flashover 
distance to the surrounding structure. 

3. In addition to these changes which were carried 
through not only on the Philo-Canton line, but also 
on the Philo-Crooksville, Fostoria-Lima, and Lima-Twin 
Branch lines, there was installed on the Philo-Canton 
line the following equipment: 

An 18 in. times 22 in. cast-iron arcing ring was em- 


5—TypicaL Burnine or ‘‘Fuux-Controu”’ Horns ano 


Insunators Puito-Canton Line (1925) 


Fic. 


ployed on the lower end of the upper string and a 24-in. 
arcing horn mounted parallel to the conductor. This 
assembly was used on only one side of each tower and 
the flux control assembly was maintained on the oppo- 
site side, alternating the position of the two on suc- 
cessive towers so that for each circuit there were in- 
stalled an equal number of arcing rings and “‘flux 
controls.’ There was no change made in the flux 
control assembly from what was originally employed 
with the exception of the fact that three-insulator 
units were added (making 12 in all); also where any 
damage had been done to the assembly the damage 
was repaired. 

Fig. 7 shows a straight-arcing ring and horn-sus- 
pension assembly, and Fig. 8 is a drawing of this same 
assembly. 
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In the case of dead-end assembly a 33-in. diameter- 
pipe ring with a double horn was employed; Fig. 9 is a 
photographic view of such an assembly after the flash- 
over described under case No. 78. 
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Fic. 6—CHanars Maver in Upper anp Mippie Arms PuHiLo- 


Canton Line (1925) ro OpraiIn LARGER CLEARANCE 


While the troubles listed under cases 36 to 68 were 
taking place, the changes enumerated above were being 
made all at the same time, the changes being made on 
only one circuit at a time during the daytime and the 
circuit being put back into service at night. It will 


7—Arcing Ring anp Horn AssemMBuy, PHILo-CANTON 
Line (1925) 


Kine: 


be noticed that in 24 of the 38 cases, the trouble was 
again on the top conductor and that in all but five of 
the cases the flux control was employed. In general 
the type of damage was the same as that in group two, 
consisting of considerable damage to the string, to the 
conductor, and to the flux control unit. Where no 
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arcing protection of any kind was employed, that 
is on the middle and bottom conductors, the damage 
in some cases was more severe and in other cases less 
than in the two upper conductors. It is to be noted 
that among this group, while there were some units 
in service with the arcing ring protection, there were 


8—ArcinGe Rine anp Horn ASSEMBLY FOR SUSPENSION 
Tower Puito-Canton Line (1925) 


Fig. 


no cases where any damage was sustained to units with 
such protection. 

‘~The last group, namely cases 69 to 88 inclusive, 
extended over a period of time of well over two months 
and during the course of this period no changes of any 
kind except those described previously, were made. 
It will be seen that of the 20 cases, 13 occurred on the 
tep conductor, five on the middle conductor, and two 
on the bottom conductor. Of the 13 top-conductor 


Fig. 9—Drap Enp Arcinc Rina anp Horn AssemBiy 
Puito-Canton Line (1925) arrer FuasHover Casrt No. 78 


(See Table I. ) 


failures, seven were cases in which flux control had been 
employed and six in which rings and horns had been 
employed, but with this difference: in five of the seven 
cases employing flux control one or more insulator 
units were shattered, but only in three of the six cases 
employing rings and horns were any insulators dam- 
aged. Again, while in four of the seven flux-control 
cases there was damage done to the conductor, and in 
the case of the rings and horn combination three of the 
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six cases resulted in damage of conductor, the extent 
of the damage in the case of the horn combination 
seems to have been less than in the case where the flux 
control has been employed. 

The troubles encountered on the Twin Branch-Lima 
and the Fostoria-Lima lines were almost negligible in 
comparison with the trouble that was encountered on 
the Philo-Canton line. In the case of the Fostoria- 
Lima line only one flashover was experienced and that 
was on a top conductor during: a period when the line 
was operated at 66,000 volts. The conductor was 
slightly damaged but no damage was sustained to the 
insulators. In the case of the Twin Branch-Lima line 
only three cases of flashovers due to lightning were 
experienced in 1925, two being on the top conductor 
and one on the middle conductor. In each of these 
cases at least two insulators were shattered but no 
damage was done to the conductor. On the Philo- 
Crooksville line in a period of considerably over a 
year, there were two cases of flashover but neither 
case caused trouble of serious consequence. 


RELAY . PROTECTION 


At the beginning of 1925 the following scheme of 
protection was employed on the Philo-Canton line. 
At the Philo end current-balance relays were employed, 
operating only in case both lines were in circuit, and 
separate overload relays were employed on each of the 
two lines. The balance relays were operating on a 
so-called cross-connection and the lines were inter- 
locked with a locking-out relay to render the second 
line non-automatic for a period of five sec. in case of 
the functioning of the switch on the first line. At the 
Canton end, cross-connection with a duo-directional 
reverse power relay was employed with fast and slow 
overload relays, the fast relays operating only with 
both lines in. The two feeders here were also inter- 
locked with a five sec. locking-out relay. As the lines 
continued to be damaged some changes were made in 
the direction of speeding up the interlocking time and 
also in the direction of speeding up the relays at the 
Canton end. In October, there were installed at the 
Canton end of the line a set of current-balance relays 
similar to those at the Philo end but the duo-directional 
reverse power relay was maintained to select between 
the Windsor-Canton and Philo-Canton lines in case of 
one-line operation throughout. In general, the relays 
functioned entirely satisfactorily and it is not believed 
that the severe burning which took place was caused 
in any way by the failure of the relays to clear the cir- 
cuits quickly enough, the relay settings being as fast 
as could possibly be obtained without endangering 
normal operation. 


A More DETAILED ANALYSIS OF TROUBLES 
While these troubles were occurring it was impossi- 
ble to get any accurate data as to what was happening. 
Lines were flashing-over; insulators were being shat- 
tered ; the conductor was being burned; and the field 
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forces were too busy trying to place the line in an 
operating condition with a minimum delay to be able 
to give very much attention to the details of what 
was happening. Things were happening so thick and 
fast that there was no opportunity to stop and consider 
the matter calmly. With the approach of the end of 
the lightning season a little more time could be taken 
to determine what had actually happened and to make 
an intelligent analysis. 

First, toward that end, was the gathering together 
of data with regard to the trouble shown in the tabu- 
lation under Table I. This tabulation was very care- 
fully gone over and a survey was made in the field to 
supplement, if possible ,the information given therein. 
In the course of this investigation it was found how 
very little knowledge as to what actually happened was 
obtainable and the smallness of the amount was really 
surprising. It was found, as a careful review of the 
troubles tabulated in Table I will show, that there 
existed a good deal of conflicting data and that a good 
many of the reports which were supposed to have been 
based on observation at the time the repairs were made, 
were entirely unreliable. However, this much stood 
out with bold clearness. The Philo-Canton line had 
been subjected to an unusual amount of punishment 
from lightning. That it was due to the fact that the 
area which it traversed was a particularly stormy area 
there was very little doubt. There also did not 
seem to be any doubt that the measures that had been 
taken up till then were none of them completely effect- 
ive and some of them were almost negligibly so. Fur- 
ther, a calm review of what had been done and the 
lines that had been followed brought home clearly the 
fact that designing a line merely to withstand lightning 
voltages was certainly not a proper procedure since 
it resulted in placing insulation on the lines of such a 
value that it could not possibly be matched economi- 
eally by that of the transformers, oil switches, and 
other apparatus connected to the system. 

Simultaneous with the gathering of the field data 
a very thorough review was made of the work in con- 
nection with this subject done by Steinmetz, Creighton, 
Austin, Peek and others, and particularly their work 
in connection with the ground wire. 

Viewing the troubles encountered on the Philo- 
Canton line, after an analysis had been made of all 
the available field data, and in the light of the work of 
the other investigators mentioned, the explanation 
that seemed to stand up best came down to the 
following: 

1. The Philo-Canton line traverses an unusually 
stormy country and the year 1925 seems to have 
been an unusually severe year from the standpoint of 
lightning. 

2. The height of the particular tower was con- 
siderably higher than any that had been previously 
constructed on the system and this resulted in poten- 
tials being induced in the upper two conductors during 
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lightning higher than those that were encountered on 
the Windsor-Canton line by at least 300,000 to 400,000 
volts. 

3. The omission of the ground wire subjected the 
insulator strings to this full voltage and this value was 
sufficient often enough during 1925 to give the large 
number of cases of trouble that are tabulated. 

4. The fact that the Twin Branch-Lima and the 
Fostoria-Lima lines were not subject to these flashovers 
can be explained by the following: 

a. The first of these two lines did not operate 
for a sufficiently long period during the lightning 
season. 

b. The Fostoria-Lima line was in for a whole 
year but most of the time it was operating at 66,000 
volts and its performance when insulated for 
132,000 volts with a follow-up voltage of 66,000 
volts would, of course, be expected to be consid- 
erably different from what it would be with a 
follow-up voltage of 182,000 volts.. 

ce. From general observations taken, it appeared 
indisputable that the lightning in the territory 
traversed by these two lines was not anywhere 
near the same severity as that encountered along 
the Philo-Canton line. 

Viewed thus a satisfactory solution seemed attain- 
able by adopting the following methods: 

1. Preventive. Installation of ground wire to 
reduce the lightning voltages. 

2. Remedial. Where, either because of the severity 
of the lightning or because of the great importance 
of the load, no chances could be taken, the installation 
of arcing rings and horn devices to clear the insulator 
string and the conductor in case of spill-over. 

Before definitely embarking on this course, it seemed 
advisable to check this proposed solution and con- 
sequently a series of tests was carried out with the 
lightning generator of Peek to determine the effective- 
ness of the ground wire on the tower shown in Fig. 2. 
These tests showed definitely that a reduction amount- 
ing on the average to about 50 per cent in the value 
of the induced voltage could be obtained by the instal- 


Fia. Wire Tests on Purito-Canton 132 


K, W. TowEr 


10—GRouUND 


A. No ground wire B. With ground wire 


lation of one ground wire at the peak of the towers. 
This is shown in Fig. 10, which shows the induced 
potential in A, suspension, B, moderate angle, and C, 
dead-end towers—the height of the crossarms is the 
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same in each case and is shown in Fig. 2—with and with- 
out ground wires, under conditions of a potential 
eradient of 50-kv. per foot of height, and of 25-kv. 
per foot of height. 

Another phase of the investigation was a series 
of tests in connection with the arcing rings and horns 
which it was thought advisable to employ on the towers 
traversing territory particularly susceptible to lightning. 
Before working out the designs, a series of tests was 
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Fig. 11—Arcine Rine anp Horn AssemBriy (1926 InsTALLa- 
TION) FOR SINGLE SUSPENSION STRING—PHILO-CANnTON LINE 


carried out in the high-voltage engineering laboratory 
at Pittsfield, to determine the specific shapes and sizes 
of horns and rings and their placement on the string to 
clear a power arc from the insulator string and from the 


Fic. 12—Arcine Ringe anp Horn ASSEMBLY (1926 InsTALLa- 


TION) FoR Drap ENpD SrrinG Puito-Canton LINE 


conductor if flashover should take place and should be 
followed by a power are. The rings and horns that 
were worked out as well as their relations to the string 
and to the conductors are shown in Figs. 11 and 12 
which show the designs for a straight suspension string 
and for a straight dead-end string. A similar design 
was worked out for the double suspension string. 

As a result of all these studies and investigations, 
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ground-wire installation was decided upon on all 132- 
kv. steel‘tower lines that had been erected since the 
beginning of the Philo-Canton line, or that were in 
process of erection by the end of 1925, all of which were 
erected without ground wire. In addition, arcing 
rings and horns were laid out for the Philo-Canton 
line and for a number of other lines where either, as 
in the case of Philo-Canton, it was known that lightning 
conditions were very bad, or where, because of the 
existence of but a single circuit between stations, it 
was imperative to keep the outage time in that circuit 
as near zero as possible. 


DESIGN OF GROUND WIRE AND CONNECTIONS 


It is conceded among engineers that the disrepute 
into which the ground wire had fallen was due pri- 
marily to the fact that it had been put up more or less 
on the basis that it was merely an appendix to the line, 
and since it was not carrying any energy, and therefore 
not earning its way, that it ought therefore to be put 
in with as little expense as possible; this resulted in 
almost every case in the installation being as poor a 
one as possible. The conductors employed were very 
seldom anything but galvanized steel wire, and that 
was generally of a very much smaller diameter than the 
main conductor and of a lesser number of strands. 
The attachment was generally of some clamp type; 
the sagging of the ground wire was given very little 
consideration; and all in all the thing was put in in a 
most non-engineering manner. As a _ consequence 
troubles of all sorts were encountered with the ground 
wire. ‘Three or four years after the installation the wire 
as a rule would begin to rust and a short time after 
that breakages would crop out in various sections of 
the line, resulting in grounds and short circuits being 
placed on the system. In many eases, too, the main 
line would swing into the ground wire or the ground 
wire into the line due to their unequal sags or due to 
their unequal swings. 

It has always been known that if a ground wire 
similar to the main conductor were employed and the 
same attention given to its installation as given to the 
main conductor, these troubles could be avoided, 
but with the exception of a very few cases the: authors 
do not know of any installations that were put in on 
that basis. In view of the fact that the decision to 
install the ground wire was reached after considerable 
trouble without it, and after a conviction that the ground 
wire would remedy a considerable portion of this 
trouble, it was deemed advisable not to repeat. the mis- 
takes of handicapping the ground wire through poor 
installation. On the other hand, it was felt that if there 
were any ways that the installation could be made 
cheaper than that which would obtain by the use of 
a straight line conductor, advantage should. be 
taken of these means. Accordingly, there was worked 
out in conjunction with the conductor manufacturer, 
a special 159,000 cir. mil. A. C. 8. R. conductor con- 
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sisting of twelve 0.1151 in. diameter aluminum strands 
and seven (0.1151 in. steel strands, and this conductor 
was found to have mechanical characteristics so 
closely similar to that of either 336,400 or 397,500-cir. 
mil that under most conditions it could be used inter- 
changeably with them. 

More attention than is usual was given to the hard- 
ware and to the method of attachment of the ground 
wire. 

APPLICATION OF EXPERIENCE TO TOWER LINE DESIGN 


The authors believe that theoretical analysis and 
their experience in operation applied to tower-line 
design with a view particularly of designing the lines 
for continuous service can be summed up as follows: 

1. It is essential that a balance be maintained 
between the height of tower, the length of span, and the 
lightning voltage that may be expected in the conductor 
span. Asa general rule the cost of the line can be de- 
creased by increasing the length of span, but carried 
beyond a certain point the continuity of service to be 
expected from the line is bound to be decreased mate- 
rially in the raising of the height of the conductors. 
The standard suspension insulator has been developed 
to such a point at the present time that the increased 
number of points of attachment on the line will have 
materially less effect on lowering the continuity of 
service than will the raising of the height of the 
conductor. 

2. A proper balance should be maintained between 
the number of insulators employed per string, the in- 
sulating values employed on other apparatus on the 
system, and the clearance to ground. Insulating a 
line sufficiently high to prevent flashover in a great 
majority of cases, will result as a general rule (except 
perhaps in certain. types of lines operating at 220 kv. 
or higher voltages) in overinsulating the lines at the 
expense of the rest of the equipment and will result 
in failures at station and substation points. 

83. Unless the line is very low, it is believed that 
steel-tower structures carrying power conductors of 
44,000 volts and over should in general be designed and 
installed with a ground wire. It is fully realized that 
there may be locations and conditions under which 
this is not practicable, for example, in territory where 
the soil conditions are such that the ground resistance 
is very high, and where consequently the effectiveness 
of the ground conductor is minimized to an almost 
negligible value; but these are special cases. There 
may also be cases in territory that is particularly light- 
ning-free where no ground wire would be justified. 
In no case, the authors believe, should the use of 
a ground wire be dismissed without giving full consid- 
eration to the known lightning conditions of the terri- 
tory over which the line has to traverse, to the height 
of the tower, to the insulation proposed for the tower, 
and to their relations to the lightning voltages that 
might be expected on the power conductors. 

4. Ifa ground wire is installed it should be accepted 
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as an essential part of the line and its installation 
treated the same as that of the main conductors, full 
attention being given to the material of the conductor 
itself and to its method of attachment and stringing. 
There is no reason why the main power conductor 
should be designed for a possible 50 years of life and the 
ground conductor designed for a life equal to 10 per 
cent of that. 

5. It is possible that a line will have to be built 
of so great a height, because of the contour of the 
country or for some other reason, that even with the 
use of a ground wire, sufficient protection will not be 
obtained to keep the number of flashovers down to a 
low enough point. In these cases, the authors believe 
it would be well to install remedial devices in the form 
of arcing rings and horns or their equivalents to prevent 
conductor burning and insulator shattering in case of 
a flashover. 

6. The line must be designed so that its switching 
arrangement is correct; that is, the line must be so de- 
signed that it can be relayed properly and disconnected 
from the rest of the system quickly in case of trouble. 

Acknowledgment is hereby made to Mr. F. W. Peek, 
Jr., and Mr. W. L. Lloyd, Jr., of the General Electric 
Company, and to Mr. A. O. Austin of the Ohio Brass 
Company for their assistance in carrying out some of 
the investigations, and to Mr. Frank Howard, of the 
Ohio Power Company, for his assistance in carrying 
through some of the developments and in obtaining 
the field data. 

The complete paper gave a complete record of the 
relay settings on the Philo-Canton line during 1925, a 
discussion of the action in regard to the design of new 
towers taken during the period of trouble, a discussion 
of the research werk on the subject of the ground wire 
done by various investigators, the results of an investi- 
gation of the relationship between the length of the 
insulator string and clearance of the string to ground 
to obtain a balance between the two, and an outline of 
plans for obtaining complete information on the future 
behavior of these lines. 


NEW ELECTRIC CODE FOR MEXICO 

Demand for electrical supplies in Mexico have been 
stimulated by the issuance of a new electric code, which 
raises the standard of permitted equipment. Existing 
installations shall be made to conform to the new code 
by July 11, 1926, but the Department of Industry, 
Commerce, and Labor is authorized to extend the 
period if necessary. 

The code is an adaptation to Mexican conditions of 
codes of the United States. The National Electrical 
Code and the National Safety Code are drawn on ex- 
tensively. A number of changes from American prac- 
tises are introduced, such as longer spans between 
poles and more lenient wiring regulations, as there is 
considerable use of stone and concrete in the construc- 
tion of Mexican homes. 


Zero Method of Measuring Power with the 
Quadrant Electrometer 


BY W. B. KOUWENHOVEN* 


Member, A. I. E. E. 


Synopsis.—This paper describes a zero method of measuring 
power by means of the quadrant electrometer developed by the 
authors, and which we believe to be new. Zero deflection of the 
electrometer is obtained by opposing the torque produced by the a-c. 
load by means of a counter torque set up by continuous potentials 


HE importance of the quadrant electrometer as an 
al instrument for measuring the power factor and loss 
in dielectrics and cables is well recognized. The 
quadrant electrometer wattmeter has also prove 
valuable in measuring iron losses in small specimens. 
The usual connections for using the quadrant electrom- 
eter as a wattmeter are shown in Fig. 1. In Fig. 1, 
N is the needle; Nos. land 2 are the respective quadrant 
pairs which are enclosed in the case of the electrometer. 
The deflection of the electrometer is proportional to the 
vector product of the load voltage V and the voltage 
drop across the quadrants, 1 and 2, caused by the load 
current J flowing through the non-inductive resistance 
R,. If it is impossible to apply full voltage to the 


TrangrorrmeR SeconoAry. 


Fie. 1—Quaprant ELECTROMETER WATTMETER 


needle of the electrometer, a fractional part of the supply 
voltage may be applied to the needle as indicated by the 
dotted line in Fig. 1. Right and left deflections are 
taken at each load by means of the reversing switch 
or commutator, M, and the power consumed by the load 
is given by equation (1)'. 


i R( V )’ 
IV cosg = : = en ae 
26, R, 
(1) 
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introduced into the electrometer circuit. The continuous potentials 
required are small in value and easily handled. 

We have derived the equations that apply to the method and 
checked their correctness by experimental observations on resistance, 
capacity, and inductive circuits. 


Where 
I = Load current in amperes 
V = Load voltage in volts 


cos ¢ = Power factor of the load 


Rk; = Value of the non-inductive resistance in 
ohms 
n = The factor by which the voltage applied to 


the needle must be multiplied to give the 
load voltage V 


a = Deflection of the electrometer with the 
commutator vertical 

B = Deflection of the electrometer with the 
commutator horizontal 

R = An electrometer constant called the needle 
constant _ 

by = An electrometer constant 


The quadrant electrometer wattmeter may be used 
as a deflection instrument as described above, or it may 
be used as a zero instrument by a method developed by 
Simons and Brown”. Simons and Brown showed that 
the deflection may be reduced to zero by the insertion 
of a resistance in the needle circuit of the instrument. 
The insertion of the proper value of resistance enables 
one to bring the voltage applied to the needle in quad- 
rature with the voltage drop across the resistance R, 
and thereby reduce the deflection to zero. The power 
factor of the load may then be calculated from equation 


(2)?. 
2—n I R, 
Z V 


Yo Co W = COS Y + 


(2) 


Where 
Tt, = The resistance inserted in the needle circuit 

Cc, = Thecapacity of the needle circuit 

f = Frequency 

wy =D if 
and the other symbols have the same meanings as those 
used in equation (1). 

The zero method of Simons and Brown possesses cer- 
tain limitations, as pointed out by them,? on capacity 
loads of low power factor where nis large. This method 
is difficult to use on loads of high power factor because 
of the large value of resistance required for insertion in 
the needle circuit, and is not applicable to inductive 
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circuits unless the needle voltage is reduced to a small 
fraction of the load voltage. 


I. THEORETICAL 


Zero or balance methods are in general more accurate 
than deflection methods, and their advantages are too 
well known to require discussion here. This paper 
describes a new zero method of measuring power and 
power factor with the quadrant electrometer. The 
method is applicable to inductive, resistance, and 
capacity loads and is independent of the value of the 
fractional part (1/n) of the load voltage applied to the 
needle. 

The zero method described here depends upon the use 
of continuous potentials to reduce the deflection of the 
electrometer to zero. A continuous potential is ap- 
plied to the needle in addition to the a-c. load voltage 
and a second continuous potential is introduced into the 
quadrant circuit in addition to the drop across the 
resistance R,, caused by the alternating-load current. 
The polarity of these two continuous potentials is 
arranged so that their effect opposes the deflection 
caused by the alternating potentials applied to the 
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needle and quadrants respectively. The deflection is 
reduced to zero by adjusting the value of the continuous 
potentials to the proper value. The advantage of the 
method lies in its simplicity. 

A number of arrangements of the connections for 
introducing the continuous potentials into the circuits 
of the electrometer have been investigated. Three of 
these arrangements, called, A, B, and C, respectively, 
are described in the paper. 

Zero Method A. ‘The diagram of connections for 
zero method A is given in Fig. 2, where H' equals the 
continuous potential introduced into the needle circuit 
of the electrometer and e is the continuous potential 
introduced into the quadrant circuit; V and J repre- 
sent the a-c. voltage and current, respectively, and R, 
is the non-inductive resistance. 

Three methods of reducing the deflection caused by 
the a-c. load present themselves; (1) vary both E' and e; 
(2) vary E, e constant; (8) vary e, H constant. Theo- 
retically it makes no difference by which of these 
methods zero deflection is obtained, but from practical 
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considerations it is simplest to vary e, which is on the 
grounded side of the instrument, keeping / in the high 
potential side constant. The variation in e is obtained 
by using a potentiometer rheostat as shown in Fig. 2. 

In making a measurement, two readings are taken in 
order to eliminate certain electrometer constants. 
The operation is as follows: Assume that the commu- 
tator M is in a vertical position, and that the a-c. 
circuit is closed. As theinstrument begins to deflect, the 
value of the continuous potential e is adjusted by means 
of the potentiometer until the deflection equals zero. 
The value of the potential E' and of e,; are noted. 
Then the commutator is placed in a horizontal position 
and the torque due to the a-c. power is again balanced 
by adjusting the continuous voltage applied to the 
quadrants. Let e. equal the value of the continuous 
quadrant voltage under these conditions. The ex- 
perimental results show that the two values of the 
quadrant continuous potentials, e; and é2, are very 
nearly equal and, in the equations, the average value e 
is used without introducing any appreciable error. 

Before shifting the commutator from a vertical to a 
horizontal position, the a-c. circuit and the battery 
circuit of quadrant voltage, e are opened. This pre- 
vents the electrometer needle from deflecting exces- 
sively and reduces the time between readings. 

Equation (3) gives the general equation of the electrom- 
eter which was derived by Kouwenhoven in a previous 
paper. 


1+RV2)0=—- & Vet : V2 + bi VoV: 
—6, Vo V2 + €o Vo + 1 (Vi — Vo) (3) 
Here 
V, = The instantaneous value of the voltage applied 
to the needle. 
V, = The instantaneous value of the voltage ap- 
plied to the quadrant pair No. 1 
V. = The instantaneous value of the voltage ap- 
plied to quadrant pair No. 2. 
6 = Resulting deflection (a — 6) 
a = Deflection with the commutator vertical 
8 = Deflection with the commutator horizontal 
R = Needle constant of the electrometer 


bj, Co and c, = Electrometer constants 

Let v equal the instantaneous value of the load voltage 
V, and 7 equal the instantaneous value of the load 
eurrent J; then with the commutator vertical, we have 


VY,=v+71Rk,-E 
Vi=- 4 
V.=7tR, 


With the commutator horizontal, the values of 
Vo, Vi and V, are 


Vo=v+27hi-£# 
Vaiss 
V2 =— e2 


Substituting these values of Vo, Vi and Vz in the 
general electrometer equation (3) and solving, we obtain 
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equation (8), the derivation of which is given in the 
mathematical part of the paper. 


e? 
PR, HOD aS e 
IV cosy + apes Pe Sie as 


(8) 


where k is an electrometer constant with a value of 


= as shown in the mathematical part of the paper. 
1 

> Ry ; 
The term, , of equation (8) is a correction term 


2 


and equals half the loss in the resistance, &,, which is 
measured by the electrometer. 


If the polarities of the batteries H’ and e are reversed 


with respect to those shown in Fig. 2, we find that the © 


power consumed by the load is given by equation (9). 


ee (9) 


Ry 
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eter constant, k. The other electrometer constants, 
that must be determined if the instrument is to be used 
as a deflection wattmeter, are eliminated. 

A study of equations (8) and (9) show that this con- 
stant k may be eliminated if we take the mean of two 
' sets of readings. The first set being taken with the 
connections as shown in Fig. 2, and the second set with 
the batteries FH’ and e reversed. The constant k, how- 
ever, can be evaluated very easily as shown in the 
experimental part of the paper, and the value of the 


term k determined in each case. 


e 
Ry 

Equations (8) and (9) were checked experimentally 
and the results are given in the experimental part of the 
paper. 

Zero Method B. The diagram of connections for 
zero method B is given in Fig. 3. Two readings are 
taken for this connection also, in the first the commuta- 
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tor is vertical, and in the second horizontal. When 


the commutator is vertical 


V,=v+1R,-E 
Vian) 

and 
V2 =1in + 6 


With the commutator horizontal, V» has the same value 
as before, but now 


Vi aR, + es 


and 
Vis ae! 0) 


Proceeding as in connection A, we find that the power 


Fig. 4—Connectrions ror ZprRo Mertruop C ComMMuUTATOR 
VERTICAL 
Vv Lond 
re 
e = 
© 
= RK, 
‘Fria. 5—Connections ror Zero Mertruop C ComMuTATOR 


HorIzONTAL 


consumed by the load is given by equation (12) which 
is derived in the mathematical part of the paper. 


2 


e 
IV i Dan tsb, — 12) 
cos g + 5 = R, = R, ( 

Reversing the batteries HE’ and e, we obtain 
e 
Iv Eas ee 
cos g + 9 = R, os R, (13) 


Experimental proof of the correctness of equations 
(12) and (13) is given in the experimental part of the 
paper. 

Zero Method C. The diagrams of connections for 
zero-method J are given in Fig. 4 and Fig. 5, in which 
the potentiometers for varying e are not shown. 

Zero method C, as may be seen from Fig. 4 and Fig. 5, 
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is a combination of the two previous zero methods, A: 
and B. A study of equations (8) and (12) shows that 


e2 
5 terms are of opposite signs; therefore, this 


the 


term may be eliminated from the final result by com- 
bining the two methods. 

In taking a measurement the operation is as follows; 
with the commutator vertical and the quadrant d-c. 
voltage in the grounded side of the quadrant circuit, 


Fic. 6—Switrcuing ARRANGEMENT FOR ZERO MmrHOoDS 


as shown in Fig. 4, a balance is obtained between the 
torque due to the alternating and continuous voltages. 
Then the commutator is placed horizontally and the quad- 
rant d-c. voltage is thrown to the high side of resistance, 
R,, as shown in Fig. 5, and a balance again obtained by 
adjusting the quadrant continuous voltage. 

With the commutator vertical as in Fig. 4, we have 


VY, =v+itR,-E 
Vi=—e 
VY, =21 4; 

and for Fig. 5 
V,=v+iR,-E 
VY,=2R,+ e 
Ver= 0 


Substituting these values in the general electrometer 
equation (3) and solving, we obtain (15) the derivation 
of which is given in the mathematical part of the paper 


I? R, Ee € 
IVcos¢g + = 


2 R, 
If the polarities of the two batteries EH’ and e are 
reversed, we get the relation (16): 


PS ead DBP e 
IVcosg + = +k 


2 Ry R, 

Test data are given in the experimental part of the 

paper to prove the correctness of equations (15) and 
(16). 

The battery e may be thrown from one side to the 

other side of the circuit by means of two double-pole, 


(15) 


(16) 
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double-throw switches, or a single, four-pole, double- 
throw switch, and the connections shown in Fig. 4 
and Fig. 5 are combined in a single switching arrange- 
ment shown in Fig.6, Itis possible to use zero methods 
A, B, or C by means of the connections shown in Fig. 6. 
A single-pole, double-throw switch, S, is shown in 
Fig. 6 in the needle circuit. This switch when thrown 
to the left connects the needle directly to the line and 
permits bringing the mechanical and electrical zeros 
into coincidence. When the switch S is thrown to the 
right the battery E’ is connected in the needle circuit. 
When the four-pole, double-throw switch shown in 
Fig. 6 is closed on the side marked A, the connections 
are such as to give zero method A. When closed on the 
opposite side, B, connections are made for zero method 
B. Forzero method C the four-pole, double-throw switch 
is closed on side A when the commutator M is vertical 
and on side B when the commutator is placed horizontal. 


2 


e 
Method C eliminates the term —=— 


5 from the equa- 


tion and is therefore simpler to use from the standpoint 
of calculation. We can determine k by taking several 
electrometer readings in a circuit the loss of which is 
known. The constant k, is evaluated by this method 
in the experimental part of this paper, for the quadrant 
electrometer used in the tests. 

It is also evident from equations (15) and (16) that 
k may be eliminated if we take the means of two sets of 


Fig. 7—FRactTIoNAL VOLTAGE ON NEEDLE ror ZERO Mrruop C 
CoMMUTATOR VERTICAL 


readings as described under method A, the first being 
taken with the polarities of the batteries as shown in 
Fig. 6, and the second with the batteries reversed. 

We can simplify the equations for the purpose of 
calculation by writing them in a slightly different form. 
For’example we can write equation (15) in the form of 
equation (17). 


Se eri (Hi — k)e ae 
COoSsvO 9 = fe (17) 
Zero Method—Fractional Voltage on the Needle. Any 


one of the three methods described may be used with 
fractional voltage applied to the needle. Method C 
requires the least amount of calculation and is probably 
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the simplest method to use, therefore, it will be the 
only method discussed with fractional needle voltage. 
The connections are shown in Figs. 7 and 8. 

With the commutator vertical as in Fig. 7, we have 


OAL GIs 


V remade avo —E 
Vi= een 
Vo = 4h 
and for Fig. 8 
pike 
V, Epes See 
n 
Vi=7R, +e 
=n) 


where » equals the factor by which the a-c. voltage 
applied to the needle must be multiplied to give the 
total alternating voltage of the circuit. 

Substituting these values in the general equation (3) 
of the electrometer, and solving, we obtain (18) the deriva- 
tion of which is similar to that of equations (15) and (16) 


Fig. 8—FRactTionaL VoLuTAGE ON NegpLeE—ZeERo Mrtruop C 
CoMMUTATOR HORIZONTAL 


which are derived in the mathematical part of the paper 
(H— ke 
R, 


It is evident from a study of equation (18) that if n 
equals 1, it reduces to equation (17). 

The correctness of equation (18) was also verified 
experimentally. 


2-—n 
EOVSCOB. @ Pita a £2 Egat (18) 


II. EXPERIMENTAL 
The electrometer used in these tests was a Dolezalek 
quadrant electrometer. 
Determination of the Constant, k. The constant, 


c 
k= rane was determined by using a resistance load 
1 


in the circuit of Fig. 6. The load consisted of a non- 
inductive resistance, Ry, whose value was 260916 ohms. 
Method C was used in determining the constant. The 
applied a-c. voltage was 201 volts at 60 cycles. The 
continuous voltage, H, that is inserted in the needle 
lead, was made up of three 22.5-volt Radio B batteries. 
Its value was measured with a 150-volt d-c. voltmeter. 


The continuous voltage that is inserted in the quadrant 
circuit, was taken from a six-volt storage battery con- 
nected to a potentiometer rheostat. The value of the 
continuous quadrant voltage, e, that is actually used in 
the circuit was measured by a 3/15/150-volt Weston 
Laboratory Standard d-c. voltmeter. The voltmeters 
used in the experimental work were checked against a 
Weston Standard Cell. . 

The quadrant electrometer was set up and adjusted 
until its electrical and mechanical zeros coincided. Then 
the load was applied and readings were taken at dif- 
ferent values of R,, the non-inductive resistance across 
which the quadrants are connected. Two readings of 
e were made at each setting of R,; e: with thecommuta- 
tor in a vertical position and e, with the commu- 
tator in the horizontal position. The value of e was 
adjusted each time until the deflection was reduced to 
zero, and e; is the value of the quadrant voltage for 
zero deflection and the commutator vertical, and eé, 
for zero deflection and the commutator horizontal. 

The readings are given in Table I below: 


TABLE I 
ZERO METHOD C—RESISTANCE LOAD Ro 
Commutator 
A-C, Average 
Supply Load R, E | | = e 
voltage | Ro-ohms ohms volts ei-volts éo-volts volts 
201 260916 500 69.4 1.128 1.121 1.1245 
1000 69.45 2.284 2.208 2.246 
2000 69.45 4.63 4.31 4.47 
1000 69.4 2.29 2.20 2.245 
500 69.4 W127, 1.120 Le 8235 
1000 . 69.35 2.284 2.205 2.245 
2000 69.4 4.62 4.32 4.47 


The value of the alternating current in the circuit and 
the total loss measured by the electrometer, which in 
this case is the loss in the load Ry plus one-half the loss 
in R,, were calculated for each set of readings. From 
these results the constant, k, was determined from equa- 
tion (15) as shown in Table II. Its value was found 
to equal 0.8154. 


TABLE II 
DETERMINATION OF CONSTANT k 
| Resistance 
Load Ro 
Ee re Ry 3 
R “= at ) 
rie oe 1 ) Ri ‘ 2 
2 
Zero- 
Method C Watts Ee re 
R,; ohms calculated Ri iat k 
500 0.1544 0.1561 0.0017 0.7559 
1000 0.1540 0.1560 0.0020 0.8905 
2000 0.1531 0.1552 0.0021 0.9395 
1000 0.1540 0.1558 0.0018 0.8020 
500 0.1544 0.1559 0.0015 0.6673 
1000 0.1540 0.1556 0.0016 0.7130 
2000 0.1531 0.1552 0.0021 0.9395 
Average, 0.8154 


Experimental Proof of Zero Method A. Experimental 
proof of the correctness of the theory involved in zero 
method A and of equations (8) and (9) that apply to 
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this method was obtained by using a resistance load as 
described in the determination of the electrometer 
constant k. The connections shown in Fig. 2 were 
used in this test, except that the polarity of the two 
batteries are opposite to that shown in the figure. 
Therefore, equation (9) applies to this test. 

The results of the test are given in Table III. The 
watts consumed by the load Ry and the loss in the re- 
sistance R, were calculated from. the values used in the 
circuit as was the ease in Table II. 


A comparison of the results given in the last two 
columns of Table III shows good agreement between 
the calculated watts and the watts as measured by the 
electrometer. 


As stated in the theoretical part of the paper, the 
constant k need not be determined if two sets of readings 
are taken, one with the battery polarities as shown in 
Fig. 2, and the other with the polarities reversed. 
In order to check this conclusion from the theory a 
number of sets of readings were taken at different 
values of R,, using the resistance load, Ro, of 260916 
ohms. The results for two sets of these readings are 
given in Table IV. 


A comparison of the average watts as measured by the 
electrometer with the calculated watts shows an excel- 
lent agreement, and proves that this method may be 
used if desired to determine watts consumed by a load. 
A disadvantage of this method lies in the fact that four 
readings are needed. 


In most cases, it is better to determine the electrom- 


eter constant k and calculate the power consumed by 
the load from a single set of readings. 
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The experimental results prove that Method A and 
the equations that apply are correct. 

Experimental Proof of Zero Method B. The experi- 
mental proof of the correctness of the theory of zero 
Method B and of equations (12) and (13) was also 


0.018 im | Si 
5 
ELECTROMETER 
0.016 WATTS =I | 
et Ee-$-Ke_ 
R, 
0.014 
. it | 
o.0le | 
2 4 ait 
0010 4 | | 
’ 4 
| H 
0.008 1 + | 
IfR 
0.006 | tp ' - 
=e 
0,004 2% T 
0.002-4+ + 
oe Load:-IV cos g 
Se eee 2 
) 100 200 300 400 500 R, Ohms 
Fic. 9—Capaciry Loap (Zero B Mrtruop 


obtained using a resistance load, Ry. The connections 
used are those given in Fig. 3, and equation (12) 
applies to this test. 

The results of this test are given in Table V and a 
study of the last two columns show that there is a good 


TABLE III 
ZERO-METHOD A—RESISTANCE LOAD Ro 
| Electrometer 
watts 
Commutator ( Ri 
IF? \ Rot 5 e 
Load Average Bie 5 HL jhe 
A-C. Supply Ro Ry E ie = e Watts 
voltage ohms ohms volts e; volts ez volts volts calculated Ry 
202 260916 100 69.1 0.23 0.216 0.223 0.1563 0.1556 
202 500 69.0 1.148 1 OP I 2) 1.13 0.1559 0.1565 
202 1000 69.1 2.318 2.254 2.236 0.1552 0.1538 
203 2000 69.0 4.72 4.6 4.66 0.1562 0.1572 
203 4000 69.0 9.68 9.42 9.55 0.1544 ON1S53 
TABLE IV 
A-C. SUPPLY VOLTAGE = 203 VOLTS 
Electrometer Reading 
Commutator Calculated 
‘ e watts 
\ | = Average IG — 2 R 
Average NOR oe 
Remarks Ri E el eo ; e Ri ; 
Batteries ohms volts volts volts volts watts 
ASAIO? 2 carats 100 69.1 0.298 0.16 0.229 0 ce OMta75 0.1578 
IRNOVCESCC): cemren 100 Gor 0.31 0.144 0.227 0.1568 
As in Fig. 2.... 2000 69.0 4.81 4.64 4.725 0 oe 0.1564 0.1562 
Reversed ...... 2000 69.0 4.72 4.6 4.66 0.1554 
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agreement between the calculated watts and the watts 
as measured by the electrometer. 

The experimental results prove the correctness of the 
theory involved in Method B. 

Experimental Proof of Zero Method C. Experimental 


KOUWENHOVEN AND BETZ: ZERO METHOD OF MEASURING POWER 


Journal A. I. H. E. 


farad standard mica condenser. The results obtained 
by the three methods checked closely, and are given 
here for methods B and C only. 

Data taken by method B, using the connections of 
Fig. 2, are given in Table VI. 


TABLE V 
ZERO METHOD B, RESISTANCE LOAD Ro 
Electrometer 
Commutator Calculated watts 
—- watts 2 
A-C. Load | | = Average a Ee Ts ee ke 
Supply Ro R, E Al () e P (2 fe 1 
voltage ohms ohms volts volts volts volts 2 Ry 
201 260916 500 69.35 AZ i Ag bE Lets 0.1544 0.1541 
1000 2.208 2.20 2.204 0.1540 0.1535 
2000 4.33 4.31 4.32 0.1531 0.1527 
1000 2.214 2.192 2.203 0.1540 0.1535 
proof of zero method C follows from the results of PR, 


the tests of methods A and B and also from the measure- 
ments made to determine the value of the constant k 
which are given in Tables I and II. Therefore, no 
further readings will be given for the measurement by 
method C of the power consumed in a resistance load. 
Capacity Load. ‘Tests were made to determine the 
loss in a condenser using zero methods A, B and C. 
The condenser used in these tests was a 1/10 micro- 


TABLE VI 
CAPACITY LOAD, ZERO-METHOD B 
A-C. Applied Voltage =199 Volts at 61 cycles 


In order to eliminate the correction term 5 
the electrometer‘ watts are plotted against the values of 
R, as abscissas. These points lie on a straight line as 
shown in Fig. 9. If this line is extended to the ordinate 
axis it will cut the axis at a value equal to the watts lost 
in the load.» From Fig. 9 we see that the loss in the 
condenser is 0.00125 watts. 

A test was made with the same condenser using 
method C. In this test the loss in the condenser was 
calculated from the formula 


(HH — k)e Hae fe 


Commutator lV a 
Electrometer reading aes ort tea, 2 
l BPNinvovage mes) The current I equaled 0.00754 amperes as calculated 
. z Breet 2 ke ss 7 
ore Nea ta La cee NC CE = -watts from the constants of the circuit. The readings are 
i 1 % Ci; 
given in Table VII and the average loss was found to 
a 69.0 Hee rae Koei ae equal 0.00127 watts and the power factor was 0.085 per 
Ao 0.079 | 0.08 | 0.0795 0.01356 cent. The results of the tests by the two methods are 
500 OLS: 0.118 0.124 0.01692 in close agreement 
TABLE VII 
CAPACITY LOAD, ZERO-METHOD C 
A-C. Applied Voltage = 200 Volts at 60 Cycles 
Commutator Electrometer 
- watts PR, 
| | = Average jap Le JA =a Watts loss 
R, IH ey eo e€ AA ee Z in 
ohms volts volts volts volts a watts condenser 
200 69.0 0.023 0.018 0.0205 0.00698 0.00569 0.00129 
300 0.05 0.036 0.043 0.00977 0.00853 0.00124 
TABLE VIII 
A-C. Applied Voltage = 62 Volts at 60 Cycles 
Electrometer 
reading. (Loss 
Average in Inductance plus 
Ri E e ee Te JG 
Method ohms volts volts Ee ?) ke 2 ) 
A 200 69 1.707 117.8 —1.456 =—1°392 0.575 
B 200 1.6695 115.2 +1.393 =I 361 0.576 
G 200 ° 1.6955 117.0 10) —1.382 0.578 
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Inductive Load. Readings were taken with an 
inductive load using all three zero methods. The load 
consisted of an inductance of about 8. henrys and 1650 
ohms resistance. 

In this test the polarity of the batteries was such that 
equation (8) applies to the results of method A; equa- 
tion (12) to method B; and equation (15) to method C. 

The results are given in Table VIII and the loss as 
calculated includes half the loss in the shunt resistance 
R,, which was the same for each method. 

A comparison of the results of the three methods given 
in the last column of Table VIII shows that they give 
the same loss for the cirevit within + 0.3 per cent. 

The experimental results prove conclusively the 
correctness of the equations as derived, and that the 
methods may be employed to measure the loss at any 
value of the power factor leading or lagging. 


III. MATHMETICAL 
Derivation of Equation (8) Method A. Equation (8) 
is obtained by substituting the instantaneous values 


of the potentials applied to the needle and quadrants in 
the general equation (3) of the electrometer. The 
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i ths 
—b,V,.V2=— b; T fl v2Vsin wt 


+R 2Isin(wt+ ¢)— El[Ri V/V 21 sin(@t + ol dt 
i b; (Ri I V cos os PR?) 


T 


+ co Vs = 2 rf [V2Vssin wt 
1 Rie/2 isin (@t260)— Eldt=— o8 
+eoVi=—-—O14 
pees 
—¢,V_,=— Cy P if /2Vsinwtdt =0 


With the commutator horizontal the values of V, 
and V, change as stated under zero method A, and by 
substituting these new values of V, and V, in the terms 
of equation (3) and integrating we may determine the 
values of these terms for the commutator horizontal. 

The signs and the values of the terms in equation (3) 
for the two positions of the commutator are given below 
in (4) and (5). 


Pos of | Equa. VALUE OF TERMS 
Comm. No. 
b b ; 
(3) _ 5 VY ane V2 +b, Vo Vi — bi Vo Vo +¢oVo +e: Vi — 1 V2 =(14+R V°?) 0 
b L 
| | ®) j= = ey? = PORE EU Bee: Hb (Ril Vieos 6+ 17 RY) et Peper 0 Sera te 
b b 
= (6) |— a P Re+— e +bi(Ril Voose+P? RY) —bi Bes —co E—O+¢1 es =(1+R V.2) B 


electrometer reads the integral of these voltages over a 


complete period 7. 
With the commutator vertical in Fig. 2 we have 


Vo=7+7Rh, -—E 
Vi=-@ 
Vo =tRy 

where Do eee Sin a) t 

and 1 =~V/2Isin(wt+¢) 


Substituting these values and integrating over a 
complete period, we get the values of the terms in 
equation (3) as follows: 


ae 5 V?=- 5 e2 
b usta leer 
+ ove = +3 J Rit. 22sint (wt: @) dt 
= + : PR? 
eee ee oe 
+b: VoVi = +bi sR fl V2V sin wt 


= R, Pe k sin (wt+ 9) — E\{- eé,| dt = +6,KHe;, 


Taking the algebraic sum of equations (4) and (5) 
we get equation (6). 
1+ RV,?) (@-— a) =2b,R,IV cose 
b, 


+6,2P?R2— bE (e: + es) + 9 


=P Cicer -€n) (6) 
The experimental results show that e, and eé are 


(617 16>”) 


nearly equal and that we may write e a emeee 
without introducing any appreciable error. Since the 
deflections a and 6 are each zero, we may write equation 
(6) equal to zero and solve for the power consumed by 
the load. 


te 


E e-— —- 
Cy é 
Ry b, =R, 


Equation (7) contains two of the electrometer con- 
stants 6; and c:, which may be combined as previously 


PR, 
2 


(7) 


IVcos¢g + 


C1 


Cin 


described, in a single constant k = Under these 
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conditions we may write equation (7) in the form 


e2 
He— 
PR y e 
IVcosg + - = R, R, 


(8) 


If we reverse the polarities of the two batteries, H 
and e, and proceed as in determining equation (8) we 
find that the power consumed by the load is given by 
equation (9). 

EK e- —- 
.? Fh i Ve € 
IVcosg + ar a R, R, 

Derivation of Equation (12), Method B. The relations 
giving the power consumed by the load with the con- 
nections as in Fig. 3, method B, are derived from equa- 


(9) 
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elimination of this term may be accomplished in 
method C, for example, by reversing the polarity of the 
battery in the needle circuit, instead of reversing e as 
described under this method. This, however, intro- 
duces another correction term in the equation which 
involves E and is, therefore, not to be reeommended. 


The importance of the correction term, k R,”’ 
can be reduced by use of larger values of the needle 
battery E. This reduces the value of e needed to 
balance the torque of the a-c. voltages. 


IV. ERRORS 
The sources of error presentin any quadrant electrom- 
eter have already been ably discussed in an Institute 


tion (3) in a manner similar to that used in finding (8). paper’. The more important are: 
Pos. of | Equa. VALUE OF TERMS 
Comm. | No. 
t 
(3) ~h vet 3 V2 + b1 Vo Vi — 6b Vo V2 + €0 Vo + Ci Vi — C2 Vo =e Rage 
b 
| | (10) |0 + —— (PR? + ev) +0 —b: (Ril Voose + PR? — Bey) —a BE -0 -— Ge = (1+ R V2) « 
b 
= (11) ——3 (PR? +e!) +0 + bi (RIV cose + PRY — Bes) —0 — cE + cre —0 = (1 + RV,?) B 


Taking the algebraic sum of equations (10) and (11) 
and solving for the power consumed by the load we 
obtain equation (12) for connection B. 

e2 
E+ 


2 @ 
IVecosg + ao a 


e 
Reo eRe 

Derivation of Equation (15), Method C. Method Cisa 
combination of methods A and B, as stated above. 
With the commutator vertical equation (4) of method 
A, holds and with the commutator horizontal we have 
equation (10) of method B. Taking the algebraic sum 
of equations (10) and (4) we obtain equation (14). 


1+ RV?) (@-— a) =26,RiIlV cose 


(12) 


b 
+b: P Ryd: E(e, +62) +a (er e2) er(e1 +62) =0 
(14) 
Assuming that e; is very nearly equal to e, the fourth 
term of the equation becomes negligible and we can 
write that the power consumed by the load is 
POTS He e 


IVcosg + 9G aaah tear 


(15) 


é 


The Correction Term, k >- 


R.° Several methods are 
1 


é 
Ry 


in addition to those mentioned in the paper. The 


possible for eliminating the correction term, k 


1. A study of the diagram of connections of the 
quadrant electrometer shows that the electrostatic 
capacity formed by the two quadrant pairs and their 
leads is in parallel with the non-inductive resistance R. 
Therefore, the drop across R, and this condenser in 
parallel with it will not be in phase with the current. 
This error is naturally greater the higher the value of Rj. 
Taking this into account we find that the equation® for 
method C is as follows: 


2—=n 


IVeosg + PR,+I1I(we,Ri) Vsng 


ee. (E—k)e 
i Ry as 


where ¢, is the electrostatic capacity of the quadrant 
pair circuit in farads. 


In measuring the loss in the 1/10 microfarad con- 
denser by methods B and C it was found possible to 
work with a value of R, as low as 200 ohms and still 
obtain good accuracy. Tests of this same condenser 
by the deflection method require a value of R,; of the 
order of 1000 ohms to obtain satisfactory deflections. 
It is evident that the error introduced by the capacity 
of the quadrants depends upon the value of R,, and 
that it is reduced in amount by the use of this zero 
method. 


2. Further study of the quadrant electrometer 
circuit shows that the charging current J, from the 
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needle to the high quadrant flows through R, in addition 
to the load current, J. 

This source of error is very small in low voltage 
electrometers and may usually.be neglected. 

3. The theory of the electrometer is based upon the 
assumption that the resistance of the needle circuit is 
zero, and the needle charging current flows through a 
pure capacity. 

The use of the battery, H, in the needle circuit 
introduces a resistance, but its value in our tests was so 
small compared to the capacitance of the needle circuit 
that its effect was negligible. 

4. If fractional voltage is applied to the electrometer 
needle, the e.m.f. of the portion of the transformer 
winding to which the needle circuit is attached, may 
differ in phase from the total voltage in the circuit. 
This source of error may become very important at 
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low values of the power factor of the load, and in such 
cases must be corrected for?. 
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General ‘Theory of the Auto-Transformer 
BY WALTER L. UPSON: 


Member, A. I. E E. 


Synopsis.—The method of complex quantities lends itself ad- 
mtirably to the development of general theory of the auto-transformer. 
As worked out, in this instance, it is found desirable to maintain 
the actual voltage ratio instead of reducing values to an equivalent 
1:1 basis. Examples are given of calculations by this method, and 
also comparison is made with calculated performance of the two- 


circuit transformer. Certain inherent peculiarities of the auto- 
transformer are pointed out, being due to the effects of internal re- 
sistance and reactance. 

Part II is an application of the theory to transformers without 
iron and a number of interesting conclusions are brought out. 


N auto-transformer may be represented as a 
single winding on an iron core, as illustrated in 
Fig. 1. Primary voltage, H, is impressed on the 
winding, and secondary voltage, E2, is obtained by 
suitable taps. The primary current, I,, flows in a 
portion of the winding of ¢, turns. The rest of the 
winding carries current, I,, which is the resultant of 
the current J, and the load current J:, and it consists 


of t. turns. The total turns of the entire winding are 
t=t, +t. Ratio of transformation is given by 
t ty + te By 
on ee te fee 
at no load. 


Resistances of windings t, and ¢t, are r; and Tr» respect- 
ively, and reactances are x, and x. Fig. 2 illustrates 
the vector relations which exist. We may begin with 
the flux ¢, drawn vertically upward. This is produced 
by magnetizing current 7, in phase with it. Ninety 
deg. ahead of the flux is the core-loss current 7.. 4m 
and 7, vectorially added give the exciting current /,. 


Ninety deg. behind the flux is the e. m. f., e,;, induced 


1. Professor of Electrical Engineering, Washington Univer- 
sity, St. Louis, Mo. 

Presented at the Annual Convention of the A. I. EH. E., at 
White Sulphur Springs, W. Va., June 21-25, 1926. 


in the turns t.. The load current J: = i1+ 7 1’ is 
drawn at any desired angle with reference to e;. 

So far, the vector relations are similar to those of the 
ordinary two-circuit, constant potential transformer. 
But in the case of the auto-transformer a departure 
from similarity occurs at this point. This departure 
is due to two causes; (1) the current in the turns ¢, is 
not the load current, and (2) the vectors are given 
actual values and are not reduced to a 1 : 1 equivalent 


ratio. This latter consideration is not awkward on 
account of the fact that auto-transformer ratios do not 
usually depart very far from 1 : 1, being in that respect 
quite different from two-circuit transformers. 

We now draw — fe;, 180 deg. ahead of e;, and this 
is that portion of the impressed voltage required to 
is the load com- 


I. 
produce e; int ,. Similarly, — a 


ponent of primary current, 180 deg. ahead of I. 
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The entire primary current J, is the vector sum of 


y 


vector sum of J, and J:. Secondary voltage, HF», is 
obtained by subtracting from e; the I, 7. and I, X» 
drops in turns ft». 

Primary voltage, E,, is obtained by adding to — f e; 
the I, 71, I, %1, Iz1r2, and I, %_ drops, all operations 
being, of course, vectorial. 

The method of complex quantities lends itself readily 
to this procedure. It is convenient to start with e; 
as the zero vector, however, rather than with H, or HE». 
This makes the use of the method very simple. Certain 
difficulties which are introduced may be readily pro- 
vided for. The chief difficulty is in ascribing to the 
load current a definite, desired phase angle with respect 
to Ey, as the components of J: are given with respect 
to the zero vector e;. This and other points will appear 
in the case of examples cited. 

The vector equations are as follows: 


I,and — The secondary current, I, in ts, is the 


I I Tx a : (3 an ) 
Uae tan ifs tf le tea te j 

= 4,4 9 ty 
I, a I, “pid it =i tit s(t’ +t’) = 1%, Bg 09" 


Ey = eg I 2 = i — 1e12 + %2'%— 7 (2 Xo + 42’ 12 ) 
aD + 7 €2’ 


Fig. 2 


EB, =—fetihatihe2 
= — fe; +4171 — t1 41 + tote — We'Xo 

+ 7 (41%) +11’ 11 + 42 Lo + Uy’ T.) = C1 +7 er’ 
Power input is Py = €,%, + e,! 41’ 


Power outputis Py = 21 + @9' ix’ 


' P» 
Efficiency is ae 
. : is 
Primary power factor is Pfr= Fale 
1 ] 
. P» 
Load power factor is Piy= EI 


Regulation is given by the equation 


E, at no load —- 5 
B, 


Per cent regulation = 
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when the primary impressed voltage is constant. All 
the above relations, however, are based on an assumed 
constant induced voltage, e;, and consequently it would 
seem, judging by common experience with the two- 
circuit transformer, that the primary voltage will not 
be the same at load and no load. It is advisable, then, 
to determine both E, and FE for the condition of no 
load always keeping e; constant. 

The value of FH. thus obtained should be multiplied 
by the ratio 


FE, at load 
E’, at no load 


This reduces #; to the value it would have at constant 
impressed primary voltage. Carrying out this process, 
equations for the case of J: = 0 areas follows: 


I =ti+ii =I: 


Eig = €:— tee — J m2n = Ci — Ve T2 + 4m £2 
— 7 (4, Lo + Im 12) 
= 2+] 2’ 

EB ge Pepa tin Ae et) i ee) 


= — fe; +t. (ti + 12) £3 te (Hi + 22) 
=m (%1 + £2) + J tm (11 + 12) 

= — fe; ttet) + tc %2— Im 2X1 — Im £2 

+f eH + tL. + tm 1 + Im 12) = Cr +7 ey’ 


K E, (at no load) — E, (at load) 
E, (at load) 


Per cent regulation = 


where 


EF, at load 
~  #, at no load 


The value of this constant is either exactly unity or 
very near to it in practical cases. The difference in 
voltage between EF, at load and EF, at no load is given 
by the equation 


FE, (at load) — EF, (at no load) 
‘ Ue : ae : 
=i (- Gtr) ta/( > =m) 
+i[a(-F+a)+e(—-F4n)] 
W \) On j Wy |p ae he = peas 


where r and «x are total resistance r; + r2, and total 
leakage reactance «x; + x2, respectively. 


This difference reduces to zero in many cases, for 
example, when f = 2, 7; = ro, and 2; = 2o, which is the 
case with a uniformly wound coil tapped at its middle 
point. 


Thus, in this case, per cent regulation is simply 


FE, (at no load) — Ey (at load) 
E, (at load) 


As an illustration of the whole method we will give 
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values for the calculation of a 50-kva., 60-cycle, 220 /110- 
volt auto-transformer. 


Constants, on percentage basis, are as follows: 


induced voltage = e; = 1 
fae == 10. 01 
fi = & = 0.02 
t= 0.025 
4, =— 0.01 
f = 2 = ratio of transformation 
Ty =f - 7:0 
Substituting these values into the above equations 
we get: 
I, = — 0.51 +7 0.025 
I, = 0.49 +7 0.025 
EB, = 0.9956 — 7 0.01005 
EH, = — 2.0012 + 7 0.0001 
P, = power input = 1.0206 
P, = power output = 0.9956 
Efficiency = 0.974 
Primary power factor = 0.997 
Power factor of load = pel8 
0.9956 


To obtain regulation, we have the following values 
for the condition of zero loading: 
I, =I, =— 0.01 +7 0.025 
EB, = 1.0006 — 7 0.00005 


BH, = — 2.0012 + 7 0.0001 
K = FE’, at load a 2.0012 ¥ 
EF, at no load 220012 
Therefore, 
1.0006 — 0.9956 0.005 
Regulation = 09956 = 0 9956 = 0.005 


This transformer may be considered as a 1 : 1 two- 
circuit transformer according to the usual method of 
calculation. Table I gives comparative performance 
as auto-transformer and as two-circuit transformer. As 
transformer of the latter type the constants are: 

Cea ata t= O00 == 00025775 0.05 
Ve OO, Pi 1-70 

Values of the components of exciting current are 
seen to be twice those of the auto-transformer. In 
general, in order that flux and core-loss shall be the 
same in the two transformers, it is necessary to divide 
the values for exciting current of the two-circuit ma- 
chine by the ratio of transformation of the auto- 
transformer. 


TABLE I 
Two-Circuit 
Trans. Auto-Trans. 
Honda Current rama ae 1+ 70 1+ 70 
NT CION CY Area at eee 0.963 0.974 
Rema tlOnee rere 0.022 0.005 


Comparative efficiencies are as we should expect. 
Due to reduction in copper losses the auto-transformer 


UPSON: GENERAL THEORY OF THE AUTO-TRANSFORMER 


663 


shows superiority. In regulation, however, its superi- 
ority is far more marked, due largely to the fact that 
the impedance drop in the secondary winding has a 
negative effect and tends to raise the secondary voltage 
instead of lowering it. 

Under short circuit, the exciting current ceases to flow 
in the secondary turns, and is diverted entirely into the 
short circuit. The short-circuit current may be con- 
sidered as made up of three parts, (1) that supplied by 
the secondary turns, which is the induced voltage 
divided by secondary impedance, (2) the load com- 
ponent of the primary which is equal to (1) multiplied 


is 
DY an 


; and (8) the exciting current, which, at short 
1 


t 
circuit, is equal to a times J, at no load. In the 
1 
case considered, in which f = 2, it is: 
To ee 
aT To +7 Xo = 22? an Zo” Te: oe 
Pee =< 21, a ya he 
= 40.02 — 7 80.05 


where J, is taken as flowing in the same direction as 
Fe; that-is, 1, = 0.01 —7 0.025. 

Total short-circuit current is then 89, approximately. 

When operated as a two-circuit transformer, the 
short-circuit current is 22.8, or one-fourth as much as 
that of the auto-transformer. 

It is interesting to notice the conditions as relating 
to the exciting current with various loadings of the 
transformer. At no load, its value is the same in both 
parts of the winding, ¢; and tf... Exciting ampere-turns 
are I,t. As the load is increased the load impedance 
offers a path for the exciting current in parallel with fo, 
thereby causing a slight increase in the exciting current 
which flows in t, and a slight decrease in that which flows 
in ts. No account is taken of this variation for ordi- 
nary loading, as it is insignificant. The total exciting 
ampere-turns remain constant for all loads, producing 
constant mutual flux and constant induced voltage in 
the secondary. Voltage induced in ¢, must also be 
constant. At short circuit, we have maximum exciting 
current in t; and zero exciting current int... Ina2:1 
transformer the value of this current in ¢, is 2 J,, where 
I, is the no-load exciting current. 

The total J; Z, drop in ¢, is approximately equal to 
e;, at short circuit, so that the impressed voltage 
EH, = 2e,;. This relationship is similar to that which 
exists In a two-circuit transformer, where, at short- 
circuit, the voltage drop in the primary is approxi- 
mately equal to the induced voltage. In this case, 
however, the equality is brought about by reduction 
in the value of the induced voltage, which, at short 
circuit, is only half its no-load value. 
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Part Il 
AUTO-TRANSFORMERS WITHOUT IRON? 


Air-core transformers are in general at a disadvantage 
owing to the fact that their magnetic fields are produced 
in a medium of unit permeability. Absence of iron, 
however, offers some compensating advantages, namely, 
absence of core-loss and exciting current distortion, and 
saving in cost of iron and in cost of construction. At 
sixty cycles, these advantages are far out-weighed by 
the disadvantages in performance as compared with 
two-circuit transformers. At higher frequencies the 
situation becomes more and more favorable for 
the air-core transformers, until at radio frequencies 
the use of iron is inadmissible. 

With auto-transformers the case is distinctly more 
favorable for the air-cores at lower frequencies. The 
same theory applies as with iron-core transformers 
except that the core-loss component of the exciting 
current drops out. The constants are, of course, very 
different and it will be of interest to give some values 
and results that may be expected in practise. An air- 
core auto-transformer should be wound for maximum 
self-inductance of the entire winding and maximum 
mutual inductance of the two parts, that is, of ¢,; and to. 
This maximum mutual inductance will, of course, mean 
minimum leakage reactance. 


An auto-transformer may be designed from either of 
two points of view as respects operation. It may be 
designed either to operate at a fixed ratio of transforma- 
tion or as a compensator with taps to give different 
voltages over a considerable range of ratio. 


Table II gives comparative results to be expected 
from an air-core compensator with three taps giving 


TABLE II 

A B Gi 
Mrannsrornrereatl One ae ean eeS 4:2 4:1 
Primary resistance, 71........ 0.01 0.02 0.03 
Secondary resistance, r2...... 0.03 0.02 0.01 
Primary reactance, 2........ Orel Os ORS: 
Secondary reactance, x%2...... 0.3 0.2 Oe 
Magnetizing current......... 0.3 0.3 0.3 
Koadveurrenteet a5 ae ea l= 7) Al sp atl 
Indircedavoltagene;. a1 ae lla 1 05 
Primary voltage, A... PB AW, Del? Dh 
iPrcieaewAyr CUMIN, Mine aocodna- 0.838 0.61 0.41 
Roweranpute. se ee 1.5945 1.0642 0.5349 
Secondary voltage, H........ 1.575 1.047 0.52 
Secondary current,J2........ 0.372 0.559 0.788 
IPOS OWNHOWn acncsadoaanana Ingres LOS ON523 
JDTMOKS NOs sooo 04 no oe 0.992 0.986 0.979 
Primary power factor........ 0.896 0.822 0.614 
Load power factor........... l approx 1. il 
Secondary no-load voltage.... 1.59 1.06 0.53 
Primary no-load voltage... .. rele ele Zee, 
Per cent regulation.......... 0.0095 0.0124 0.0192 


2. A paper on this subject was presented by the author before 
Section M of the American Association for the Advancement of 
Science, December 1916, but was preliminary in character and 
never has been published. 
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voltage ratios of 4:3,4:2,and4:1. The same volt- 
age is impressed on the primary in each case, and the 
same load current is assumed. The constants for the 
three cases are given in the preceding table. 


It is to be noted that for low ratio, the primary turns 
are relatively heavily loaded while the secondary turns 
are lightly loaded. 

With high ratio, the opposite is true. Therefore, if 
the transformer is to be operated continuously at a 
fixed ratio, the cross section of wire for primary and 
secondary should be proportioned to the respective 
currents to be carried. For a 2:1 ratio, the wire 
should be the same in cross-section for both windings. 


In the above table, we see, as we saw with the case of 
the iron-core transformer, that the impressed voltage 
is constant regardless of load. The effect of r J drop 
in the primary is exactly neutralized by the r J drop 
in the secondary except for the small and constant 
drop due to theexciting current. This balance of drops 
does not obtain if the resistances and reactances are 
not so proportioned as to accomplish it, but there is 
always a tendency in that direction. To illustrate 
this situation we will make comparison of two auto- 
transformers with the following constants: ratio of 
transformation, 5 : 4; exciting current, 0.3; load current, 
I. = 1—).2; induced voltage, 1; total resistance, 
0.04; total reactance, 0.4. The resistances and react- 
ances of the two transformers are differently distrib- 
uted between primary and secondary, as follows: 


TABLE III 

D E 
Primanry-resistances inne ee OO 0.003 
Primary reactance, 2.......... OL 0.03 
Secondary resistance, rz........ 0.02 0.037 
Secondary reactance, v2........ 0.2 0.37 
iPraimanyeCucreiity sane eam ORL: 0.922 
Secondary current, Jy.......... 0.328 05328 
Primary, voltages Hn e- seen 12358 
Secondary voltage, Hy......... 105 1.093 
No-load primary voltage....... 1.37 1.37 
No-load secondary voltage..... 1.06 iE Aas 
Regulation constant, K........ 1.03 0.99 
Per cent regulation............ 0.088 0.011 


Transformer H is seen to operate at nearly constant impressed 
voltage, and it is this one in which the wire has been proportioned 
to the currents to be carried. 


Certain inherent features of the performance of air- 
core transformers are of interest. They are due to the 
fact that the magnetic field is in a medium of constant 
permeability and consequently all effects due to mag- 
netic saturation are automatically eliminated. 

1. Thus, if the characteristics of an air-core trans- 
former are known for one value of impressed voltage, 
they may be obtained for any other value. For 
example, let H; = 100, and let maximum efficiency 
occur with a load of 10 amperes, and, let us say, 950 


> 


July 1926 


watts. If, now, the voltage is raised to 110, maximum 


; 110 
efficiency will occur at ——— 


100 times 10 = 11 amperes, 


110 \2 
and ( a times 950 = 1150 watts. One efficiency 


curve applies to the transformer, whatever the im- 
pressed voltage, provided the scale of amperes and 
watts is changed in the proper ratio. 

2. To obtain maximum capacity, it is only neces- 
sary to impress such a voltage on the primary as will 
correspond with maximum permissible current in the 
windings at full load, or, conversely, the windings of a 
transformer may be so chosen as to carry maximum 
permissible current at full load with any specified 
impressed voltage. 

3. Regulation of an air-core auto-transformer is 
more affected by leakage reactance than by resistance, 
when operating at high power factor. This fact is 
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quite apparent from a study of the vector diagram. 
The primary J x drop is almost directly in phase with 
the impressed voltage, instead of being at right angles 
to it, giving nearly the worst condition for regulation. 
To offset this, however, the secondary I x drop, while 
considerably out of phase with H., is generally so 
directed as to assist regulation, partially neutralizing 
the bad effects of primary reactance. 

(4). Power factor of the air-core transformer is 
generally much poorer than that of the iron-core type 
because the magnetizing current is a comparatively 
large out-of-phase component of the primary current. 
This large magnetizing current is not altogether un- 
desirable, however. It causes a greater lead of I, 
with respect to H, and reduces the amount of I, without 
proportionally increasing J. 

In general, it may be said that the air-core auto- 
transformer offers possibilities at 60 cycles. At higher 
frequencies, such as 120 or 180 cycles, it becomes of 
decidedly more than theoretical interest. 


Variable Armature Leakage Reactance in Salient- 


Pole Synchronous Machines 
BY VLADIMIR KARAPETOFF: 


Fellow, A. I. E. E. 


Synopsis.—The electrical performance characteristics of a poly- 
phase synchronous machine, that is, its voltage-current relations 
under load, depend essentially wpon the nature and the extent of the 
magnetomotive forces of the armature currents. Broadly speaking, 
the effect of these magnetomotive forces is two-fold; i. e., (a) they 
oppose and distort the field magnetomotive force and (b) they create 
leakage fields linked with the armature conductors. The first 
influence is known as the armature reaction, and the second as the 
armature reactance. More specifically, in a machine with salient 
poles, the armature reaction may be resolved for purposes of compu- 
tation into the direct reaction (along the center lines of the poles) 
and the transverse reaction, midway between the poles. In polyphase 
machines of usual proportions, the armature leakage reactance, x, 
usually plays a secondary role, and for most purposes is assumed to 
be constant and independent of the power factor of the load. The 
vector of the reactive drop, Iz, is simply drawn in a leading time 
quadrature with the current I. 

However, in machines with considerable armature reactance, or 
where higher accuracy is required, the assumption of a constant x 
leads to noticeable discrepancies between the computed and observed 
data. This is of particular importance in problems which involve 
hunting, instability, etc., and in which the torque (or displacement) 
angle must be predicted. This angle depends to a considerable 


degree wpon the leakage reactance of the machine. It has been 
previously proposed by others to use two distinct values of leakage 
reactance, one when the leakage paths around a group or belt of 
armature slots are closed through the center of a pole face (maximum 
reactance), and the other when such slots are midway between 
the poles (minimum reactance). However, no account has been 
taken apparently of a gradual change in the reactance between the two 
extreme positions, nor have the results been properly correlated 
with the rest of the factors which enter in the performance of the 
machine. ; ; 

In the present paper, the leakage inductance is assumed to consist 
of two parts, one of which is constant (the average inductance), and 
the other. varying harmonically at a double frequency, reaches a 
maximum opposite the centers of the poles. A magnetic linkage 
equation is written, and its derivative with respect to the tume angle 
is taken to obtain the induced voltage. The result shows that the 
foregoing assumption leads to two reactive drops, one, the usual 
average Ix drop and another a supplementary drop, leading Ix by 
an angle 2 W, where W is the internal phase angle at which the 
machine is operating. These quantities are introduced in the usual 
Blondel diagrams for the generator and the motor, and the relation- 
ships among the various quantities are established both graphically 
and analytically. 


N the performance characteristics of synchronous 
machines with salient poles, there are certain 
discrepancies between the computed and_ the 
measured electrical quantities, even when the usual 


1. Professor of Electrical Engineering, Cornell University, 
and Engineering General Department, General Electric Co. 


Presented at the Regional Meeting of District No. 1 of the 
A. I. E. E., Niagara Falls, N. Y., May 26-28, 1926. 


Blondel diagram is used which is supposed to take into 
consideration the influence of salient poles on the arma- 
ture reaction’. These discrepancies may be accounted 


2. For a theory of Blondel’s diagram, see V. Karapetoff, 
The Magnetic Circwt, Arts. 48 and 49. The subject of direct and 
transverse armature reaction is also treated in detail in Chaps. 
47 and 48 of the author’s Haperimental Electrical Engineering, 
Vol. II, 3rd ed., now going through the press. Extensive litera- 
ture references will be found there. 
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for, at least in part, by taking into consideration the 
variations in the value of the permeance of the armature 
leakage flux during a cycle. 


At zero power factor of the load, the armature leakage 
flux reaches a lower maximum value than with the same 
armature current at unity power factor, because in the 
latter case the armature slots, in which the current 
reaches its maximum, are almost opposite the centers 
of the poles, and the permeance of the leakage paths is 
greater. Hence, at high values of power factor, the 
machine should be expected to behave as if its leakage 
reactance were greater than that obtained from a short- 
circuit test. Often such is actually the case. More- 
over, the torque (or displacement) angle® often comes 
out from test larger than from computation. This also 
indicates an actual increase in the equivalent reactive 
drop ix, as would be expected theoretically at higher 
values of power factor. 


Several authors have pointed out the fact that the 
armature leakage reactance varies during the cycle, and 
- some have used two values of reactance, one opposite the 
poles, the other midway between the ooles‘. How- 
ever, to the writer’s knowledge, gradual changes in the 
reactance have not as yet been considered quantitatively 
in their effect upon the Blondel diagram, and the latter 
is usually drawn with a constant ix drop. An attempt 
is made below to develop a method whereby such 
cyclic variations in the reactance can be taken into 
consideration: in Blondel’s theory of two armature 
reactions. Of course, a similar correction could be 
applied to the less accurate Potier diagram, but it 
would seem hardly logical to correct for the effect of 
salient poles upon the leakage reactance in a diagram 
in which the effect of salient poles on the armature 
reaction is disregarded altogether. 


J. AVERAGE REACTANCE AND SUPPLEMENTARY 
REACTANCE 


In Fig. 1, the curve A BC DE represents values of 
the armature leakage inductance plotted with reference 
to the axis of abscissas X X. The time angle is denoted 
by a, where 


a=2rft= wt (1) 


t being time and f the frequency. When a = 0, let the 
group of armature conductors under consideration be 
opposite the center of a pole. The tooth-tip leakage is 
then at a maximum, and hence the leakage inductance 
reaches its maximum value. When a@ = 90 deg., the 
same group of conductors is midway between the poles 
and the leakage inductance is a minimum. 

Thus, the leakage inductance varies at twice the 
frequency of the main induced voltage of the machine, 
and, as a first approximation, the inductance curve in 

3. Mag. Cir., the angle 8 + @, in Fig. 40; this angle is de- 
noted by @ in Fig. 2 of this paper. 


4. See, for example, C. P. Steinmetz, A-C. Phenomena, 
Chapter on Armature Reactions in Alternators. 
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this discussion will be assumed to be a sine wave of 
double frequency. Even when an actual test gives a 
curve departing from a sine wave, this experimental 
curve can be replaced by an equivalent sine wave, be- 
cause higher harmonics in the inductance can produce 
only higher harmonics in the terminal voltage or in the 
current of the machine, and in this paper only the 
quantities of fundamental frequency are considered. 
The variable value of inductance, La, at an instant 
of time corresponding to the electrical angle a, shall 
therefore be expressed as 


La =L+ ALcos2a (2) 
Here L is the average value of the inductance over a 
cycle, and A L is the greatest departure from the aver- 
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Fic. 1—VariaBLeE ARMATURE LEAKAGE INDUCTANCE La AND 
Its AVERAGE VALUE L 


age, that is, the amplitude of the sine wave with respect 
to the axis X’ X’. 
Assuming the armature current to be sinusoidal, it 
can be written in the form 
ta = I Cos (a— y) (3) 
where IJ is the amplitude of the current, and y = 
Q OG, Fig. 2, is the internal phase angle at which the 
machine is operating. The angle y characterizes the 
interval of time between the instant when a group of 
armature conductors is opposite the center of a pole 
and the instant when the current in the same group of 
conductors reaches a maximum®. For a generator, 
y is assumed to be positive when the current reaches a 
maximum ajter the corresponding group of conductors 
has passed by the center of a pole (although the current | 
may be leading with respect to the terminal voltage). 
In a motor, y is greater than 90 deg., and may even be 
greater than 180 deg. when the motor is under-excited. 
Thus, in equation (3), the case of y = 0 corresponds to 
the generator working at such a power factor that the 
current J reaches its maximum when that group of 


5. The Magnetic Circuit, pp. 154 and 155; the angle y is 
marked in the diagrams there. 


oh: 
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conductors, through which J is flowing, is directly 
opposite the center of a pole. It can be shown that 
under these conditions the current is slightly leading 
with respect to the terminal voltage, but this fact is 
of no particular importance in this discussion. 
Multiplying equations (2) and (3) term by term, in 
order to obtain the instantaneous magnetic linkages, 
gives, 
ta La = LI Cos (a— ~) + ALI Cos2 a Cos (a— yp) 
(4) 
In the last term, the product of the cosines can be re- 
placed by their sum and difference. Namely 
Cos 2 a Cos(2 a—y) =0.5 Cos(a+y)+0.5 Cos(8 a—y) 
Leaving only the fundamental term containing a, and 


Fig. 2—A Mopirirp BLONDEL DiIsaGRAM OF A SYNCHRONOUS 
GENERATOR WITH THE AVERAGE Reactive Drop, Ix, AND 
SUPPLEMENTARY Reactive Drop, [2s 


disregarding the term with 3 q@ (the third harmonic), 
approximately, 
ta Le = LI Cos(a— y) + 0.5 ALI Cos (a+ wp) (5) 
The voltage drop due to these linkages is 

e, = a (ta La)/dt = wd (tae La)/da 
Hence, taking a derivative of equation (5), 
ej =— wLISin(a— y)—05wALISn (a+ y) (7) 
Theterm— w LI Sin (a — w) represents a sine voltage 
which leads the current wave by 90 deg. and corresponds 
to the average constant reactance 


y=owL 


(6) 


(8) 
such as ordinarily used in the theory of synchronous 
machines. The last term in equation (7) corresponds 
to a supplementary reactance 
OOM GANT (9) 
The corresponding voltage drop, x, I Sin (a + y), 
leads the main reactance drop I x by the angle 2 y, 
because 


CSO) 2 a (10) 
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Thus, the following expression is reached for the vector 


_ of total reactive voltage drop in the armature: 
_ Reactive drop = Ix /90° + Ix, /90° + 2y 


(11) 


The quantities « and x, are expressed by equations 
(8) and (9); the values of Z and A L are shown in Fig. 1. 
The angle notation in equation (11) means that I x 
leads the vector J by 90 deg. and I x, leads I by 90 deg. 
+2y. In other words, I x, leads I x by 2 y. 


Il. A MOopiriep BLONDEL DIAGRAM 


An application of these results to the Blondel dia- 
gram is shown in Figs. 2 and 8 which are generalized 
Figs. 40 and 41 in the “Magnetic Circuit.” Fig. 2 
represents a generator at a lagging current and Fig. 3 
a motor at a leading current®. The current I is shown 
in both cases from the point of view of the machine 
itself (and not of the line) so that the phase angle ¢, 
when the machine is operating as a motor, is greater 
than 90 deg. This method of representation is of 
advantage in that the same diagram and the same set of 
formulas cover operation both as a generator and as a 
motor. 


Beginning with the line voltage E, Fig. 2, the ohmic 
drop A B = I ris added in phase with the current, and 
the average reactive drop B D = I x in leading quadra- 
ture with it. The supplementary reactive drop, 
Ix, = DD’, is added at an angle 2 y to BD, in the 
positive (counter-clockwise) direction. In the case of 
the motor, y is greater than 90 deg., and 2 y is greater 
than 180 deg. Ey) = OD’ is the total induced electro- 
motive force. The direction O C is that of the induced 
electromotive force at no load, or the center line of the 
pole. Hence, by constructing a right-angle triangle 
D'GO, with OD’ as hypotenuse, the net voltage 
OG = E, induced by the real poles is obtained, and 
the voltage G D’ = E, induced by the fictitious (trans- 
verse) poles. 


From equations (83) to (85) on p. 156 of the “Magnetic 
Circuit,” it will be seen that instead of drawing E, 
normal to OC, a vector D’ C = E,’ can be drawn 
parallel to Ix. This procedure is necessary when the 
angle y is not known, and in fact can be used to deter- 
mine this angle, namely, by completing the parallelogram 
D D’ C H and extending D H to its intersection with OC 
at kK’. In the triangle K H C the angle at H is equal 
to 2 y by construction; the angle at K is equal to 90 
deg. — y, because OQ K is a right triangle, and the 
angle at 0 is equal to y. Thus, in the triangle K HC 
the remaining angle, at C, is also equal to 90 deg. — y. 


6. The current and voltage notation has been changed from 
zand eto J and H#; the induced voltage is denoted by Zp in place 
of H. I has been defined above as the amplitude of the current. 
There is no objection, however, to considering J and E in the 
diagram as vectors of the effective values. 

7. The point K is of considerable importance in diagrams 
of synchronous machines, and Blondel uses the term Joubertian 
e.m.f. for the value of O K. It is convenient to call K the 
Joubertian point. 
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The triangle is isosceles and consequently H K = 72,. 
This gives the following construction for the angles 
yand 6: 

Lay off O A and A B, and draw the direction B kK, 
normaltothecurrent. LayoffBK =Ix+ H,’+T/x,, 
and connect point K to 0. This will give both the 
internal phase angle y and the displacement of torque 
angle 6. The latter is the electrical angle by which the 
pole structure of the loaded machine is advanced (or 
retarded) with respect to an identical unloaded machine 
connected to the same bus bars. 

If it is required to compute the required excitation, 
complete the diagram by laying off B D’’ = J 


Fig. 3—A Moopirtep Bionpet Diagram, Simiuar To Fie. 2, 
FoR SyNcHRONOUS MorToR 


(Ge =52,), and through D’’ draw the straight line 
N Nijnormal to OK. This will determine the net 
induced electromotive force OG = E,,; from the no- 
load saturation curve, the corresponding net excitation, 
M,, ean be found. To this excitation, the direct 
armature reaction, M,, is added [or subtracted, if 
sin y is negative, zbzd., equation (79)]. This will give the 
required field excitation, M,, at that particular load. 

Most of the construction lines and angles indicated 
in Fig. 2 are also shown in Fig. 3, and the description 
given above, with slight modifications, may also be 
followed in Fig. 3. 


Ill. ANALYTICAL SOLUTION 
The heavily drawn polygon in Fig. 2 can be repre- 
sented in the cissoidal complex form by the equation 
ECis¢+1rCis0 +] x Cis 90 deg. + I x, Cis (90 deg. 
+2y) +12, Cis 90 deg. = (H, + Ix, Sin y) Cis y 
(12) 
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where 
Cis @ = Cos@ + 7 Sin = e”* (12a) 
and also 
Loe By = 1k, hs ite (13) 
[Magnetic Circuit, p. 156, equation (84)], so that the 
transverse reactance, corresponding to the transverse 
armature reaction, is 
ti:=kikkmna (13a) 
Equation (12) expresses the fact that the geometric sum 
of 0 A,A B,BD,DD’' and D’ CisequaltoOG + GC. 
To solve this equation for y, multiply both sides by 
Cis (90 deg. — Ww). The real part of the resultant 
expression is 
E Sin (y— ¢) + IrSin y— Ix Cos y— Ix, Cosy 
—Ix,Cosy = 0 (14) 
Dividing throughout by Cos y and solving for tan y, 


tany = (HSing+2)1)/(E Cos? + Ir) (15) 
where “y is the total equivalent reactance: 
Lo =f + 4+ ws (15a) 


A reference to Fig. 2 will show that equation (15) could 
be written directly from the triangle OQ K, since in 
this triangle 

tany =QK/O0Q (16) 
However, a derivation from equation (12) has been 
deemed to be of sufficient interest to be included in this 
paper for the sake of illustrating the general method of 
solution of such problems. This method is entirely 
automatic, while the particular geometric relations 
in a given problem may or may not be evident. The 
displacement angle @ is determined from the relationship 

d6=y-¢ (16a) 
for a motor @ is negative. 

Equating separately the real and the imaginary 
parts on the two sides of equation (12), and solving 
each for the term with L,,, we obtain: 

EH, Cosy = ECos¢6 +Ir—TI (x, + 0.5 2,) Sin 2 y (17) 
EH, Sin y = HSing + I (x + 0.5 x) 

+I (4, +0.52,) Cos2y (18) 
Knowing the angle wv from equation (15), EH, can be 
computed from either equation (17) or (18). When y 
is near zero, it is preferable to use equation (17); when 
y is nearly 90 deg., equation (18) will give more ac- 
curate results. 

A graphical interpretation of equations (17) and (18) 
is shown in Fig. 4. This diagram is identical with Fig. 


.2, except that a line, GW, is drawn perpendicular to 


OQ. The lengths D’R and RG are each equal to 


0.5 H,’. Equation (17) then simply means that 

OW =0Q-We@ (19) 
while equation (18) states that 

WG=RG+WR (20) 


8. Two Cis operators are multiplied by simply adding the 
angles; that is, Cis a. Cis b = Cis (a + b). This follows directly 
from the exponential expression in equation (12a); see also V. 
Karapetoff, The Electric Circuit, p. 93, equation (154). 
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Whether or not this graphical relationship will prove to 
be of further practical interest, remains to be seen. It 
has been deemed advisable.to note it here, as a check 
on the formulas. 

The theory deduced above has been checked on a 
machine with an exceptionally high leakage reactance. 
The assumption of a constant leakage reactance, de- 
duced from the short-circuit test and from the design 
data of the machine, led to a wide discrepancy between 
the observed and computed performance character- 


Fic. 4—A GrapHicaL INTERPRETATION OF Equations (17) 


AND (18) 


istics. On the other hand, by assuming reasonable 
values of the average and supplementary leakage 
reactances, the current and voltage relations, as well as 
the torque angle 6, were found to agree quite closely 
with the test data’. 

In conclusion, the author wishes to express his 
appreciation to Mr. R. E. Doherty, Consulting Engi- 
neer of the General Electric Company, for suggesting 
this investigation and for encouragement while it was 
in progress. 
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DISCUSSION ON ALTERNATING-CURRENT ANALYSIS 
ALTERNATING-CURRENT ANALYSIS (MERSHON) 


To the Editor: 

The statement which appeared in the May 1926 
JOURNAL concerning the use in several text-books of the 
method presented by Mr. Mershon was hastily written on 
the basis of impression rather than fact. Since then I 
have attempted, but failed, to find the method in any of 
the usual texts. I take this opportunity to correct my 
error and apologize to Mr. Mershon. 

HUBERT H. RACE 


9. For a different treatment of the subject see R. Bruderlin, 
Drehfeldmaschinen mit verdnderlicher Reaktanz, Arch. f. Elekt., 
1924, Vol. 13, p. 12. 
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PREDETERMINATION OF SELF COOLED, OIL 
IMMERSED TRANSFORMER TEMPERATURES 
BEFORE CONDITIONS ARE CONSTANT 

The predetermination of temperature rise-time-curves 
for transformers is of the utmost importance for the 
calculation of permissible durations of overloading. 

In the paper of Mr. Cooney in the JOURNAL of Decem- 
ber 1925 methods are given to obtain a more accurate 
calculation of these curves. The special methods 
pointed out by the author are, first, the separation 
of the temperature rise of the winding above the am- 
biant air in the temperature rise of the winding above 
the oil and the temperature rise of the oil above the 
ambient air and, second, in taking into account the 
fact that the heat dissipation increases more rapidly 
than according to the first power of the temperature 
difference. 

My note refers to this last point. The fact that the 
coefficient of cooling of a transformer increases with 
increase of temperature difference is expressed by the 
author in the formula: 

G6=kP°* (a) 
This formula is used to calculate the final temperature 
rise at different losses (loads). 

For the tracing of the temperature rise-time-curve 
the general known e relation is used. 

It seemsto me that a temperature rise-time-curve still 
more in accordance with test curves may be obtained by 
taking into account the formula (a) also for the calcula- 
tion of this curve. We shall give below a method by 
whicn this can be done. 

The formula (a) 


d=k Po8 
can be written 
ee ( )P 


By this formula it can be seen that the coefficient 
between brackets diminishes by increased values of 6. 
According to formula (b) the coefficient of dissipation 
will vary with the value 6°». 

Thus, the value for the loss dissipated can be written: 
6 125 


K; 0,2 125 Y (c) 


kh 25 
69 125 


(b) 


In this formula K; . 6; is the loss dissipated at the tem- 
perature difference 6;, for the generated !oss can be 
written 
W =W,(1 +8 8) 

Wis the lossfor 6 = 0. 
6 is indifferent from a and takes into account the fact 
that the loss consists of iron and copper losses. Taking 
a = 0.004 and the ratio between the iron and copper 
losses to be 1 : 3 the coefficient 6 will be 0.003. 

The formula (3) of the paper can be written now 
as follows: 
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d 0 pte dé 1 60; 69-25 
Wo qd a 0) = (eae 1 Ky §, 028 g Wo(1 wer 0) = es er Wo 6; pees uy 
dt f 
Taking the time constant: gr-26 pi.25 dé 
T. = C 0; W[1+58- 0,125 Ele 6 025 ] =.C dt 
a= Wo 
ci E : 1-25 0 +25 d 6 
the following equation is obtained W, [ ie: = + B86 ( Tike —— ) ] yp FED 
dt bel 
ae € 5 9 9 d 
dé 4 Ope ae Det TOD ee Ahem Gay) 2 dt C. 6; 60-25 
The integration of this formula is difficult. Thecurve 4 9 WW 5. © OPA 08 ao Ore 
can be easily computed, however, by taking small nae 
= J. O/1+25 — 61-25 + BO BO, (8,025 — 99-25) 


| 
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intervals A 6 and calculating for the mean value of ||| 0 of 


At 
this interval the value of ae The time intervals 


At 
can be obtained then by multiplying area) ay A a0: 


In this way the curve III of Fig. 1 is obtained. For 
6, is taken 100, for T’.e = 1 and for B = 0.008. 

Curve II is obtained by taking B = 0.,7.e., by assum- 
ing the losses to be constant at all temperatures. 

Curve I shows the well known € curve. 

In the middle part of the curves, II] and II show a 
stronger curvature (radius of curvature smaller) than 
the curve I. 

The fact that test values show generally the same 


deviation from the simple e curve proves that the curve 
III is the more correct one. 


Appendix 
Derivation of formula (d). 
d 9:25 
Wo(l +68) =C 7 —+Ki—gag 8 
Bomgt=- 0, 
aie (1 + 8 6,) = K, 0, or K; = we vi Es 


Thus 
Wo1+68)=Cd0@—+W,14+8 6, 


THOMAS Rosskopr—Member I. E. C., 
Nijmegen, Holland 


POSSIBLE DISCONTINUANCE OF RADIO 
STANDARD FREQUENCY 
TRANSMISSIONS 
BY BUREAU OF STANDARDS 

Since March, 1923, the Bureau of Standards has been 
transmitting, twice a month, radio signals of definitely 
announced frequencies for use’ by the public in 
standardizing frequency meters (wave meters) and 
transmitting and receiving apparatus. The signalsare 
transmitted from the Bureau station, W W V, Washing- 
ton, D. C., and from station 6XBM, Stanford 
University, California. 

Since other means of freely disseminating the 
Bureau’s standards of frequency are becoming in- 
creasingly available, the Bureau has considered the 
termination of the standard-frequency transmissions. 
The other means referred to are the lists of standard- 
frequency stations regularly given in the Radio Service 
Bulletin, published by the Bureau of Navigation, the 
use of piezo oscillators, and the wide availability of 
reliable standards and test service from a number of 
laboratories that do commercial testing of frequency 
meters. None of these means were available when the 
standard-frequency transmissions were inaugurated. 

The standard-frequency transmission schedules al- 
ready announced to extend through June and perhaps 
to October will be carried out as published, but the 
Bureau of Standards is announcing the possible termi- 
nation of theservice after that date in order that persons 
who depend upon the service in any special way may 
inform the Bureau of any objection to its termination, 
especially persons in the western part of the United 
States, who have been utilizing thesignals from Stanford 
University, until the listing of standard-frequency 
stations on the west coast should have been begun. 
Letters on this subject may be addressed to Bureau of 
Standards, Department of Commerce, Washington, D.C. 
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Discussion at Midwinter Convention 


SUPERVISORY SYSTEMS FOR ELECTRIC POWER 
, APPARATUS! 
(LicHTENBERG) 
New York, N. Y., Fesruary, 9, 1926 


C. E. Stewart: Ishould like, briefly, to call attention to one 
or two things of interest. In the first place, supervisory systems 
have passed the experimental stage. We have had actual serv- 
ice out of the systems so that we know that they are successful 
in the field for which they are intended. By the end of this year, 
systems put out by the General Electric Company alone will 
have supervision over some 2500 oil circuit breakers or their 
equivalent. We shall have in service a distributor type whereby 
a dispatcher at a central point will have supervision over breakers 
located in twenty-two out-lying stations. 

Another very interesting application of supervisory systems 
will be made on an electrified railroad division sixty miles long 
between Chicago and South Bend, whereby a load dispatcher 
in Chicago will control eight automatie stations by means of a 
earrier selector system operating over one wire and ground- 
rail return. He will be able to start and stop any station, open 
and close the feeders going out from the station, and also control 
incoming lines in some eases. 

R. J. Wensley: Mr. Lichtenberg says that telephone relays 
are not suited for supervisory control service. With this 
statement I do not agree. I would like to eall attention to 
several installations in the New York area which depend entirely 
on telephone relays for reliability in operation. The equip- 
ments in actual operation seem to be the best refutation of Mr. 
Lichtenberg’s condemnation of telephone relays. 

The Long Island Railroad has one of the simple audible types 
in service controlling a remote 600-volt switch house. It is 
controlled by a dial and a howler gives an audible answer. It 
works over two wires and is the least expensive type of control. 


This same company has a more elaborate equipment of the . 


code-visual type in service at Amityville controlling one 2000-kw. 
converter in 600-volt railway service. 

The New York Edison Company has a remote selective 
metering equipment in service at their Forty-Ficst Street sub- 
station which transmits readings of volts and amperes over 
standard telephone cable. 

The New York and Queens Electric Light and Power Company 
has a very comprehensive set of relay-visual equipment in the 
Woodhaven substation. With it they can control oil breakers, 
adjust induction regulators, bring in spare regulator and trans- 
former when needed, and make necessary simultaneous readings 
of a-c. volts and amperes. These functions are all accomplished 
over telephone cable with a relatively few wires. 

The most extensive equipment in this area is that on Staten 
Island. The equipment is used jointly by the Staten Island 
Rapid Transit Company and the Staten Island Edison Company. 
It is of the all-relay visual type. Five railway substations 
and one power-distribution substation are controlled from one 
dispatching point. Two separate-control desks use the same 
relay equipment to handle the business of the two operating 
companies. 

H. C. Don Carlos (communicated after adjournment): In the 
operation of two generating stations under supervisory control, the 
Hydro-Electric Power Commission has encountered, among 
others, some very interesting protective problems. Although 
the final step in remedying certain troubles has not yet been taken, 
the following comments on them may be of interest to the 
profession. 

The stations in question are near Campbellford, Ontario, 
on the Trent river, a navigable stream on which they form three 
successive developments with navigable reaches intervening. 


1. A. I. E. E. Journat, February, 1926, p. 116. 


Ranney Falls or No. 10, the upstream station, is the point of 
control for Nos. 9 and 8, the total distance between plants 10 
and 8 being three and a half miles. In No. 9 there are three 
vertical generators, each of 1400-kv-a. capacity, and in No. 8, 
three vertical generators of 2000-kv-a. capacity each. In 
common with a number of other stations, they supply power to 
a 44,000-volt, 60-eycle network, complicated by a large number 
of loops. 

Since the navigation regulations limit the permissible variation 
of the level of the small reaches between the plants to about two 
inches, there is practically no storage available, and consequently 
very exact information is required at the control point on reach 
levels, plant output, gate openings (in tenths) of all turbines, 
as well as switch positions and various other control data. 
For each of the stations, something over fifty supervisory 
operations are performed in addition to the transmission of 
three graphie records. A twenty-pair standard, lead-covered 
telephone cable, located on a separate pole line, 25 ft. from a 
44,000-volt power line, connects No. 10 to No. 9, and a ten-pair 
cable continues on to No. 8. 

The No. 8 generating station went into operation under manual 
control, using automatic equipment, September 11, 1924, and 
under remote supervisory control, January 13, 1925. A great 
deal of trouble was at first experienced, which required patient 
study and careful analysis to eliminate. With few exceptions 
the ‘equipment itself is now performing very well and gives 
promise of ultimate success if the disturbing effects of power 
short-circuits and lightning trouble can be overcome. 

Soon after the supervisory cable went into operation, trouble 
began to develop init, affecting one or more conductors each time, 
and occasionally actual burn-outs occurred. The more serious 
faults were traced down and eliminated, but after a time all spare 
conductors had been used, and finally we were left without 
sufficient clear wires to operate. : 

Induced disturbances due, to the proximity of the 44,000-volt 
power line, were at first suspected as the cause of our trouble, 
but theoretical considerations showed that since the sheath was 
grounded at all three stations, inductive effects could not be 
responsible. The use of insulating joints in the cable sheath, 
splitting it into numerous sections grounded at each end, was 
one of the proposals most frequently advanced by those who 
were not thoroughly familiar with the problem. 

For various reasons, the sheath must be grounded to the ap- 
paratus ground of all three stations. The main trouble is caused 
by differences in potential between the so-called grounds (7. e., 
the prevailing potential of the ground leads and steel work 
within the building) of any two of the three stations due to our 
inability to obtain a sufficiently high-capacity and low-resistance 
“oround.”’ 

This potential difference is uniformly distributed over the 
cable sheath (which carried a portion of the fault current) 
between the two stations. The conductors, however, are nor- 
mally at uniform potential from end to end, and their insulation 
is quite unable to withstand the stresses due to the potential 
drop along the sheath, which may be upwards of 8000 volts. 

This surprising figure has a simple explanation. The ground 
resistance at each of the three stationsis in the order of two ohms 
each, and the ecable-sheath resistance is nearly 10 ohms. The 
possible fault current is in the order of 3000 amperes. Duly 
considering the return distribution of fault current, calculations 
and tests indicate a probable maximum potential difference of 
8000 volts. 

It should be remarked that the frequency of our troubles is 
attributed to the use at No. 10 of a common ground for the 
power neutral and the station apparatus (the neutrals at Nos. 9 
and 8 are not grounded), so that a 44,000-volt fault anywhere 
on the system causes a difference in potential between the station 


672 


ground at No. 10 and those at Nos. 9 and 8. This, of course, 
occurs despite the fact that the power neutral is grounded at 
two other locations. To remedy this condition, a separate 
ground for the power neutral has recently been installed at a 
considerable distance from the station ground, as a result of 
which the station ground, in large measure, is freed from varia- 
tions in potential due to fault currents in the neutral. When 
again in operation, the supervisory cable will thus be undis- 
turbed by faults other than those at one of the three stations in 
question. 

Among the numerous remedies considered may be mentioned: 

a. The adoption of a-c. supervisory operation with trans- 
formers at each end of the cable completely isolating the con- 
ductors from the station ground, or from any apparatus con- 
nected thereto. 

b. The use of a stabilizing ground conductor of sufficient 
admittance to limit the possible voltage difference between the 
three station grounds to an amount which would not prove in- 
jurious to the eable. 

ce. The use of transformers, the primary of which would be 
connected between the cable sheath and the station ground, 
and the secondary of which would consist of all the other con- 
ductors of the cable wound in close coupling and of such ratio 
(approximately 1:1) as to cause the conductors to follow approxi- 
mately the same potential gradient as the sheath. 

In addition to the foregoing, the idea of installing a highly 
insulated cable has been advanced, but this would not help 
matters since the supervisory equipment, which, in itself, will not 
withstand high potentials, would be still subjected to the severe 
stresses and cannot, according to the manufacturer, be pro- 
tected against trouble of the nature described without blowing 
fuses which render it inoperative until an attendant makes 
replacements. 

Of the three schemes mentioned, (a), which was developed 
independently by the Commission and the manufacturer, appears 
to have merit, but it is expensive and involves the use of addi- 
tional equipment in the automatic train, and the conse- 
quent additional care and maintenance and risk of failure is 
objectionable. Plan (b) isalso expensive, and lacking in some of the 
merits of (a), although free from its shortcomings. On the whole, 
(ce), proposed by R. W. Osborne, telephone engineer of the Com- 
mission, seems to offer the greatest return for the investment, 
and the greatest promise of satisfactory ultimate operation. 
Preliminary tests of its behavior under transient disturbances 
are now pending. 

It is interesting to note the manufacturer’s contention that 
conditions exist in this installation which have not been encoun- 
tered before, yet we are all agreed that the trouble is due to 
differences in potential between the ground conductors of any 
two of the stations. So far as J am aware, our ground resistances 
are not high for isolated plants and are not capable of any con- 
siderable improvement consistent with a reasonable outlay 
which ean be relied upon the year round. In fact, the expensive 
proposition of ground stabilization by means of an interconnect- 
ing cable (scheme b) would be cheaper, and, if feasible, far more 
positive than an attempt to overcome the trouble by further 
improving the station grounds. 


The question of how usual or unusual the conditions are can 
be decided by any interested engineer who has a general knowl- 
edge of the dependable minimum resistances of ground connec- 
tions, and if he has any particular case in mind and knows the 
ohmie resistance of the grounds and the maximum fault current, 
he can calculate the probable resulting potentials in a supervisory 
installation from causes such as I have described. 


In his remarks under the heading ‘‘Protection,’’ Mr. Lichten- 
berg has shown a very open mind and has stated his interest 
in the experience of operating companies. Some of his views 
seem to be at variance with the conclusions drawn in the fore- 
going, and in support of these conclusions I can only add that 
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practical operating experience as well as theory seem to be in 
agreement—a circumstance which always carrles weight. 

F. R. McBerty (communicated after adjournment): Mr. 
Lichtenberg’s contribution on the subject of the maintenance of 
supervisory systems composed of telephone relays (which is in 
substance a repetition of his remarks before the meeting reported 
in the Journat of August, 1925, page 879) demands some quali- 
fication in the records of the Institute. Mr. Lichtenberg’s 
experience with such relays must have been both limited and 
unfortunate. Having participated in the design of the telephone 
relays most extensively used throughout the world and being 
now the manufacturer of an “‘all-relay’’ supervisory system for 
power equipments, I can perhaps offer definite and accurate 
information on these matters. 

Mr. Lichtenberg is in error in his statement as to the funda- 
mental ideas and assumptions present in the minds of the de- 
signers of telephone relays. The designers as a matter of fact 
did not work under the idea that the relays would be or could be 
inspected frequently or that some person would be present at 
one end or the other of a line equipped with them to note their 
failures and ensure their operation. On the contrary they had 
in mind that such relays would be used in great numbers, would 
be operated by persons intent on telephonic communication, 
would be operated in constantly shifting combinations which 
would make discovery of individual failure difficult, and would 
largely determine the reliability of telephone service. The 
designing and making of relays which should be both sufficiently 
cheap in cost and sufficiently reliable in service was so well done 
that there are now scores of millions of them in service through- 
out the world, of which a large part have been in operation for a 
quarter century performing thousands of millions of operations 
per day with a percentage of failure so slight that of all common 
causes of defect in the operation of telephone systems, the 
failures of telephone relays form a negligible factor. 

Among manual-exchange systems composed of such relays 
there is no daily inspection, and in most cases not even an annual 
nor a decennial inspection or test; in machine-switching systems 


the faults due to relays are a trifling factor in comparison with 


the faults caused by step-by-step or power-driven moving switch 
mechanism. 


The supervisory system illustrated in Fig. 12 of Mr. Lich- 
tenberg’s paper is composed of telephone relays of a type used 
for performing selection in the automanual city telephone ex- 
change systems and in automatic or dial-controlled private 
exchanges. As an example, a single unit has performed on test 
more than fifty million cireuit closings without failure or signifi- 
cant change in contact resistance. There are large city exchan- 
ges in operation in which the initial selections for all originating 
telephone calls are made by such relays comprising a total of 
about sixty thousand relays, some of which have been in con- 
tinual operation for fifteen years, which are never inspected or 


tested and which collectively show failures or defects in operation 


numbering no more than two hundred cases per year in the 
performance of about five hundred million selective operations. 
In a particular large exchange the ratio of failures to selections 
is about one in five million. These relays have never been 
given routine tests and have had only occasional and in some 
cases, no inspection since installation. 


Reference was made by Mr. Lichtenberg, in his paper dealing 
with the same subject matter reported in the Journat of last 
August, to the wide range of temperature under which supervi- 
sory systems must operate. Relay selection gear fulfills these 
requirements far better than any other form of selecting mecha- 
nism in existence. As an example, there is an unattended remote- 
controlled all-relay telephone exchange in Ohio, which gives 
continual local and long-distance service to about 140 subscribers, 
situated at a distance of sixteen miles from a city and operated 
over a pair of control wires from the city, housed in a small 
building without any means of controlling temperature or hu- 


July 1926 


midity. The relay selection equipment has developed only one 
fault in fourteen months, has had only casual inspection without 
any adjustment or repair whatever in seven months, and has 
been without even a visit from an inspector for ten weeks during 
the winter. During this time there have been no cases of in- 
terruption of service or of failures in selection traceable to the 
relay switching equipment. 

The conspicuous merits of the relay selection systems composed 
of telephone relays, as compared with step-by-step, ratchet- 
driven and with rotary power-driven selective gear, are 
as follows: 

The moving parts of the relays are pivoted armatures and long 
flexing flat springs only, with small and fixed ranges of movement 
with ample factor of safety in power working against relatively 
unchanging frictional resistance. The contacts themselves, 
when multiplied, are for all practical purposes free from failure. 
When properly constructed the relays never afterwards require 
adjustment or cleaning. The complications of the selective 
gear lie in the circuits, which being in the form of soldered and 
cabled wire net works are unchanging and permanent. 

Such relays could readily be made much heavier and even 
more ornamental, but so far as I am aware there are no reasons 
other than personal taste to warrant the added expense. After 
all the function of a relay is to move a bit of bronze or platinum 
against another bit, and telephone relays do that very well. 

On the contrary step-by-step or constantly moving selective 
mechanism is in all cases dependent upon the operation of relays, 
subject to whatever failures may characterize relays, with the 
additional handicap of being itself composed of numerous small 
moving parts—ratchets, pawls, retractile springs and brushes— 
among which accurate, minute, mechanical adjustments must be 
closely maintained under driving forces varying widely and 
against frictional resistance and inertia also varying widely. 
Its complications lie largely in nice relations of moving parts 
and forees. In order to be operative such mechanism univer- 
sally requires rather closely regulated voltage, must be adjusted, 
lubricated, and kept free from dust and oxidized metal—con- 
ditions which change with use, atmospheric conditions and time. 

Chester Lichtenberg: Supervisory systems, as mentioned 
in the paper, are new. Only afew of them have been in service 
sufficiently long to obtain experience with them. The discussion 
presented by Mr. Don Carlos is, therefore, exceedingly valuable 
since it presents in most thorough fashion an operating problem 
together with three suggested solutions of it. 

The discussions of Messrs. Stewart, Wensley and McBerty 
present data which supplement that given in the paper and 
express opinions relative to operation. These opinions are 
indeed very valuable, since designers of supervisory systems will 
no doubt examine and take from them such suggestions as will 
prove of material benefit to the art. 

A discussion of supervisory systems cannot be concluded 
without again making clear the fact that these systems are quite 
different from remote-control systems and, therefore, their 
application must be carefully made if they are to be successful. 


THE CROSS-FIELD THEORY OF ALTERNATING- 
CURRENT MACHINES! 
(Wrst) 
New York, N. Y., Fespruary 11, 1926 
P. L. Alger: Mr. West has presented in his paper a business- 
like and accurate way of obtaining the characteristics of an 
a-c. motor. The method is particularly adapted, and, in fact, 
was especially intended, for use by engineers having to do with 
large numbers of motors. Probably we all agree that the circle 
diagram, or some similar graphical method, is most suitable for 
college instruction, and for use by persons only dealing with 
motors occasionally. When large quantities of motors are to be 
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designed, however, it is necessary to take into account many 
of the minor features of the theory, and, at the same time, to 
make the method extremely systematic. Thus, I am heartily 
in sympathy with the point of view which Mr. West expounds 
so thoroughly. 

While the title of the paper emphasizes the cross-field theory, 
the same method could be used equally well with the rotating- 
field theory, for most machines. It is my opinion that both the 
rotating-field and the cross-field theories have advantages in 
particular eases, and that a complete understanding of design 
can be obtained only by a mastery of both theories. So far as 
I know, there is only one respect in which the two theories give 
different results. — 

This one exception occurs when the secondary winding of a 
single-phase machine has sufficient skin effect to make its effect- 
ive resistance and reactance at line frequency appreciably 
different from their values with direct current. Since the actual 
current in any one secondary conductor consists of components 
of two different frequencies, the two components encounter 
different impedances, and so the effective voltage across the 
conductor is not equal to the product of the total current by 
any definite value of impedance. The eross-field theory treats 
the entire current in one axis as being of line frequency, and so 
does not take into account the variation of impedance with fre- 
queney. On this account, the rotating-field theory gives more 
accurate results for machines of this type. ; 

I believe that the obvious objection to Mr. West’s method, 
that it is very complicated, can be largely overcome by a study of 
the formulas, and their rearrangement into a form consisting of 
a principal term and various corrective terms. For example, 
if the magnetizing reactance is large by comparison with the 
leakage reactance, many of the formulas can be simplified by 


expressing them in power series in terms of —, and then 
<.m 
neglecting higher powers than the first of this ratio. In some 


cases, the most complicated formulas can be put into a simple 
and usable form by assuming average values for certain of the 
less important constants, and preparing charts showing the effects 
of variations in the major constants. Then, correction formulas 
can be made up, showing the effects upon the result of changes 
in the minor variables made independently, and these auxiliary 
formulas can be used whenever especial accuracy is desired. 

I believe that the.ultimate design method is one which takes 
into account all of the variables, but only carries the result to the 
desired accuracy, and no further. 

K. L. Hansen: In his analysis of the single-phase, induction 
motor, Mr. West has followed the usual and much discussed 
method of the cross-field theory. He has, apparently, introduced 
a slight modification by adding the secondary leakage flux to the 
mutual flux in the expressions for some of the induced voltages. 
The introduction of this refinement is, however, incidental and 
is obviously not the main object of the paper. 

In the opening paragraph the author states that some phe- 
nomena are more easily understood by a study following the 
revolving-field theory, and other phenomena are made more clear 
by use of the cross-field theory. This statement, in connection 
with the title of the paper, would naturally lead one to believe 
that some distinct advantage of the cross-field theory over the 
revolving-field theory would be pointed out, at least in the spe- 
cific instances which the author has chosen for illustration. The 
paper does not fulfill this expectation. 

According to the author, the choice of methods should depend 
on what is most desired, e. g., speed, accuracy, or aid to visuali- 
zation. From the standpoint of speed and accuracy the cross- 
field theory obviously offers no advantage over the rotating- 
field theory. From the standpoint of visualization or physical 
conception the cross-field theory appears to be rather inferior to 
the rotating-field theory. Indeed, at the very outset an artifice 


674 


is resorted to of considering the squirrel cage as the equivalent — 


to a commutated winding with brushes bearing on the commuta- 
tor short-circuited on themselves in the transformer and field 
axes. 

There can be no objection to replacing the actual circuits we 
are dealing with by artificial equivalent ones when something is 
gained from the standpoint of clearness or shortening of the 
analytical work; but in this instance nothing is apparently gained 
thereby. In the revolving-field theory the squirrel cage is con- 
sidered to be exactly what it is—a system of polyphase circuits. 
It seems that the currents flowing in the artificial secondary 
circuits employed by the author are of constant frequency and 
that therefore the secondary reactance v2 is a constant quantity 
independent of the slip. Have the calculations in the paper been 
made on that assumption, and if so, do they lead to correct 
results? 

A few years ago a writer in the JourNAL argued that when 
several theories are advanced to explain the same phenomena, 
economy of thought demands that all but one of these theories 
be abandoned, unless each of the several theories possesses 
distinet advantages not possessed by the others. He then pro- 
ceeded to make a misapplication of the revolving-field theory, 
and as his deductions naturally were in error he concluded that 
the revolving field theory is more hable than the cross-field 
theory to lead to erroneous results. He also was laboring under 
the delusion that the revolving-field theory is not applicable to 
commutator motors, and therefore advocated that this theory be 
abandoned in favor of the cross-field theory. 

The present writer’s opinion is that the point of retaining, in 
the interest of economy of thought, only one theory to explain 
a certain set of phenomena, is well taken; but I can not agree 
that in this case the revolving-field theory should be abandoned. 
My preference for the revolving-field theory is that is appears to 
be the more general one of the two. If the two components of 
the revolving field are equal, we have a single-phase system; 
if they are unequal, we have an unbalanced polyphase system. 
If one component vanishes, we have a balanced polyphase 
system, and if the angular velocity of the rotating field is equal 
to zero, we have a direct-current system. In other words, all 
phenomena of rotating electrical machines can be explained as 
special cases of the general theory based on two oppositely 
rotating magnetic fields. 


H. R. West: I agree with Mr. Alger that the best method 
of calculation is that which gives results of the necessary accuracy, 
and no more, with the least amount of labor. On the other hand, 
I cannot accept the statement that the methods of caleulation 
that I have given are very complicated. The greater part of 
the work of calculating a motor is contained in the tabulated 
part. Examination of this tabulated part of the calculation 
will show that nearly all of the rows of numbers are obtained 
with only one setting of the slide rule, or merely by addition. 
With a very little practise, one will find that the calculation can 
be carried through very easily and quickly. The method given 
for the single-phase induction motor has been compared in actual 
trial with the most up-to-date methods of accurately calculating 
the polyphase induction-motor characteristics, and although 
it has been found to be somewhat more laborious, as obviously 
it must, since the operation of the single-phase, induction motor 
is very complicated in comparison to that of the polyphase 
motor—still it is found to be comparable in the amount of 
work and time required. Furthermore, anyone who can use a 
slide rule can carry out the calculation completely. It is not 
necessary for him to know anything about motors or electric 
circuits in order to carry out a complete calculation. 


There are some very obvious approximations that can be made 
in the calculations, particularly in calculating the constants 
F,, and G,. These approximations would result in very little 
more than an apparent. reduction in the labor of calculating, and 
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therefore the expressions were given in full for the sake of 
completeness. 

As Mr. Alger suggests, a systematically arranged calculation 
form would probably be found equally helpful in calculating the 
characteristics of a motor from equations that might be derived 
by the revolving-field method. However, I do not believe that 
the revolving-field method of analysis will lead as directly to 
equations or formulas that are most useful for calculation 
purposes. 

Mr. Hansen calls attention to the terms in my equations that 
represent the speed voltages corresponding to the rotor leakage 
fluxes. The inclusion of these terms is not new? with the author, 
although they have been neglected by some writers, generally 
with only very slight effect on the accuracy of the results. 

The correctness of the results that have been obtained by 
the cross-field method of analysis has been questioned by Mr. 
Hansen. The exact equivalence of the results obtained by the 
revolving-field and cross-field methods was demonstrated 
several years ago*. Furthermore, examination of the analytical 
expression which Mr. Hansen derived for the line current taken 
by the single-phase induction motor in his very instructive paper* 
on the rotating-field theory will show that his equation is exactly 
equivalent to the corresponding one of my paper. 

Reply to the remaining portions of Mr. Hansen’s discussion 
must consist largely of repetition of the ideas expressed in the 
opening paragraphs of my paper. Both methods have their 
own advantages, depending partly on the types of motors. 
For instance, it is obvious that the revolving-field method 
should be used for the balanced polyphase induction motor, and 
the cross-field method should be used for the a-c. series motor. 
At the same time, I believe that a study of both of these motors 
from both points of view will often be found worth while. In 
the case of the single-phase induction motor, which seems to 
offer the most debatable ground in regard to the cross-field and 
revolving-field methods, it seems that the revolving-field method 
is much superior for the purpose of giving a mental picture of 
how the motor works. At the same time, I have found that the 
cross-field theory adds to and clarifies that picture. On the other 
hand, I am convinced that the cross-field method of analysis 
is more useful for exact analysis, since it leads directly to results 
that are immediately useful for exact numerical calculation 
without the necessity of making two separate calculations for a 
polyphase motor and then combining them. 

As Mr. Alger has pointed out, there seems to be only one 
case in which the revolving-field method can be used and where 
the cross-field method cannot be used, 7. e., where the rotor 
inductances depend upon the frequencies. Otherwise, one 
method seems to be as general as the other. 

The paper was not intended as an attempt to prove the 
general superiority of one method over another for any par- 
ticular motor, but to demonstrate the possibility of using the 
eross-field method of analysis to obtain readily usable, accurate, 
numerical methods of calculation of motor characteristics. 
My experience leads me to believe that such methods of caleu- 
lation can be most readily derived by the use of the eross-field 
method, in the case of many kinds of motors, particularly single- 
phase motors. 


DEVELOPMENT AND APPLICATION OF LOADING FOR 
TELEPHONE CIRCUITS? 


(SHAW AND FoNDILLER) 
New York, N. Y., Fesruary 9, 1926 


Bancroft Gherardi: The invention of loading and the 
development of telephone repeaters have, together, revolution- 
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ized the engineering of toll-line plants in the United States. 
For the invention of loading we are indebted to Dr. Pupin. 

Before loading was invented, cable was to toll-telephone trans- 
mission much the same as strychnine is to the human system. 
Any great amount of cable produced definitely unfavorable reac- 
tions. The advent and application of loading produced a substan- 
tial change in this situation. Whereas, before loading was available, 
a toll-line cable of even twenty or thirty miles in length presented 
a serious problem which could only be solved by the generous 
use of copper, loading very much extended the range of cable so 
that practical toll cables of even 200 mi. length were available. 
With the advent of telephone repeaters and their use in combina- 
tion with loading, toll cables 1000 mi. in length or even longer 
became practical and economical. 

Today we are giving commercial telephone service regularly 
through eable between Boston and New York on the one hand 
and Chicago on the other. Before the end of 1926 New York 
and Boston will be connected by an all-cable route to St. Louis. 
From Boston to St. Louis it will be about 1400 mi. following the 
route of the cable. 

Many other important cable routes are completed or now 
under way so that within a few years the principal toll routes 
in the northeastern section of the United States will be eable. 

There are several advantages in this type of construction. 
On the more congested routes right-of-way problems would have 
been formidable without cable. Between New York and 
Philadelphia, by the end of this year we would have required 
twenty 60-wire pole lines to take care in overhead construction 
of the circuits that we shall have in cable. The maintenance 
of these lines under unfavorable conditions would have been a 
formidable problem. 

To some, it might appear that the loading coils and repeaters 
would necessarily be a somewhat incidental factor in the total 
amount of construction involved in the toll-line cable. This 
is not the case. Considering a cable between New York and 
Chicago, it is found that only about 50 per cent of the total 
cost of the cable isin the cable itself and the structure support- 
ing it. 

F. B. Jewett: In looking over the paper and in casting my 
mind back over the history of my connection with the telephone 
business (which is in point of time almost coincident with the 
span of time in which loading has been a factor) I was interested 
to recall the several steps through which this whole art of loading 
has gone from the days when it was first presented through 
Dr. Pupin’s work. My mental review included the early 
stages of our attempts to use loading up to the present time 
when it is recognized as a factor of very great importance. 

I chuckled to myself as I thought of a time, nearly twenty 
years ago, when we thought our development work as applied 
to loading was nearing completion. The word went out that we 
ought to hustle up the work we then had in hand and button up 
this loading development so that it would be standard for all 
time and we could take our forces off and go to other things. 
Well, just as in the case of all things of an engineering nature 
which have real continuing merit, so it is in the case of loading. 
Being a real thing, there is no end to the development work and 
the field of application continues to grow. As the paper states, 
there are more men engaged in loading development problems 
today than there ever were in the history of the work; also the 
problems which open up before us as possible of solution through 
loading and the combination of loading with repeaters, are more 
extensive now than they ever have been in the past. 

As a result of the work to date, which has resulted not only 
in improvements in kind but in cheapening the forms of loading, 
we are continuing to reduce the size and length of circuits on 
which it is economical to apply loading. At any given stage of 
the development of a thing like the loading coil, there comes a 
time when although physically possible of use on certain kinds of 
circuits, it is economically not feasible to use it because it is 
cheaper to get the desired result in some other way. But, 
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with the cheapening of loading coils and their improvement, 
the gage and length of circuits on which loading is commercially 
applicable and advantageous have been reduced until we are 
approaching the point where it would appear to be economical 
to use loading on wires as fine as it is mechanically possible for 
us to employ them. 

As the paper indicates, the development work started by the 
requirements of loading per se, has ramified in all sorts of unex- 
pected nooks and crannies. It has expanded to include 
electrochemical processes, matters of tool design for the utili- 
zation of those enormously powerful presses for forming the core 
material, special machinery for winding coils, the kinds of in- 
sulating material, a thousand and one things which you wouldn’t 
ordinarily think of as being connected with loading-coil develop- 
ments. lLoading-coil developments have also had profound 
effect on the methods of line construction. The precision with 
which we have to space these coils, the accuracy with which we 
have to maintain the balances between the parts of a circuit 
and the circuits themselves—all of these things indicate what a 
vast engineering field has grown up as a result of this thing 
which appeared relatively so simple. 

Just one point in closing: I have no statisties to give but will 
mention one interesting calculation to indicate what the traffic 
possibilities are in a group of cireuits of modern structure, 
equipped with loading coils and with modern repeaters. Men- 
tion has been made of the New York-Chicago cable. That 
cable in the main, as far as I know, is a cable of standard size. 
That means it is a cable which has an outside diameter of 2° in. 
The lead sheath is 144 in. thick and inside there*is a core of 
paper-insulated wires. It is primarily a telephone cable. Just 
as an illustration, let us consider what the communication- 
carrying capacity of this telephone cable would be if it were used 
just as it stands for telegraph purposes instead of telephone. 
With the voice-frequency multiplex system, it is possible to 
obtain about ten telegraph channels per telephone pair. If 
each of these telegraph channels were equipped with multiplex 
printing telegraph apparatus commonly used by the Western 
Union Telegraph Company, we could operate about ten thousand 
printer circuits in each direction. Working simultaneously at 
their normal speeds, it would be possible with this set-up to 
transmit between New York and Chicago the whole contents 
of a New York daily newspaper, exclusive of advertising material, 
in less than two minutes. 

M. I. Pupin: The authors mentioned that it is convenient 
to discuss the coil-loaded line in terms of its corresponding 
smooth line. I should like to add one word to that statement 
—that it is still convenient—because I discussed it that way 
twenty-six years ago, in my first paper before the American 
Institute of Electrical Engineers. They also say that ‘“‘Professor 
Pupin gave his famous solution in a paper presented before 
the Institute in May, 1900." That is a very complimentary 
statement but I should like to see that compliment completed. 
I should add that in that paper was also given the fundamental 
mathematical method of treating networks, filters and balancing 
networks. Before that time no one knew anything about it. 
They call them filters in West and Bethune Streets. At Colum- 
bia University we call them pilot conductors. But they are more 
persistent than we are, and so they have their own way. But 
the theory of the filters was first given at Columbia University 
and not at West Street. 

Now, having said all the disagreeable things that I can think 
of, I am going to add another one which is not so very disagree- 
able perhaps, or perhaps more so. They talk of the loading 
coil, the toroidal loading coil. There is a very, very important 
bit of history attached to that. When I came out with the 
toroidal form of the loading coil, the engineers of the American 
Telephone & Telegraph Company couldn’t see any virtue in 
it at all. It took them some time to recognize its virtues but 
when they did, they recognized them very clearly. Since that 
time they have been eliminating al] other forms of coils that they 
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employed by the hundreds of thousands in their business. 

Now I won’t be disagreeable any more. The work that that 
company has done upon the development of the toroidal coil 
(invented at Columbia University and not in Bethune St.) 
is most remarkable. The development went on with a steady 
progress until today they have a coil that represents scientific 
research efforts perhaps unequalled by anything else that has 
happened in the telephone art during the last twenty-five years, 
since I made the invention. 

It is a remarkable result and J think by next year they may 
have another announcement to make which will be even more 
remarkable than anything else they have announced so far, 
but Iam not at liberty to talk about that. 

It goes without saying that, in the course of the development 
of an invention, other things are brought in to supplement the 
invention and it speaks very highly for the loaded telephone 
cable that it is supplemented so beautifully by the telephone 
repeater of the vacuum-tube type. A fellow who can’t associate 
with anybody else is not a very good fellow asarule. An inven- 
tion that can’t stand the companionship of other inventions 
is probably a poor invention. The loaded-conductor invention 
takes the repeater invention into its arms and they hug each 
other and make a beautiful pair of congenial companions. That 
to me is more encouraging and more complimentary to the loaded- 
conduetor invention than anything else that has happened. 
Attempts have been made to supplant the loading coil, to get 
along with repeaters only by adding attenuation equalizers, but 
they didn’t prove practicable. This created the impression in 
places that the loaded-conductor invention was dead and a 
friend of mine came to me one day and repeated a sentence 
which I published in a book some time ago: “Inventions grow 
old and are superseded by other inventions.” 

Some one once said to me, “‘Isn’t that a sad expression, 
Professor? Doesn’t that indicate that your invention is dead?”’ 

That doesn’t refer to my invention at all. If it did I wouldn’t 
have put it there. It would betray too much disappointment 
and I dislike exhibitions of disappointment. No, the invention 
is not dead ; it is still alive and quite vigorous. 

It is very true, as Mr. Shaw has said, that not even a very small 
fraction of the hundred million dollars is in my pocket. Any- 
body ean see that; and it isn’t in the pockets of the Telephone 
Company either, which is not quite as obvious. It is in the 
pockets of the people of the United States, where it belongs, 
and they will get a great deal more in their pockets in the course 
of time, because every year the combination of loading and 
telephone repeaters is saving an enormous amount of money to 
the people of the United States. And what is it producing? 
It is producing an effect for which Washington and Lincoln 
longed. Washington thought of nothing so much as of the con- 
solidation of the American Union. Lincoln, much against his 
will, even went to war for the purpose of saving that Union and 
consolidating it. . 

Now when you hear of that beautiful telephone system, from 
Boston to New York, to St. Louis and to all the big centers in 
the United States, tell me of something else that has that power 
of consolidating the American Union! There is nothing else 
unless it be the radio broadeasting. That is another electrical 
art but that is not a part of the paper. 

Who has produced this wonderful art which is producing this 
wonderful effect? I read another passage from my book: ‘It 
is not so much the occasional inventor who nurses a great art 
like telephony and makes it grow beyond all our expectations 
as it is the intelligence of a well organized and liberally supported 
research laboratory,” like the Bell Telephone Laboratories at 
West and Bethune Streets, which I have been abusing so much. 

The industries of this country have finally discovered the 
correct method of doing things. Their great research labora- 
tories take the more or less crude ideas of individuals and develop 
them and put them together as the American Telephone and 
Telegraph Co. has put together the loaded conductor and the 
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telephone repeater. This is creating one of the finest telephonic 
systems that the world has ever known, and has gone far beyond 
our expectations. 

The paper testifies to that better than anything I have seen. 

William Fondiller and Thomas Shaw: Dr. Jewett has 
referred to the early stages of loading development work, and 
recollected that it was thought at that time that loading was to 
be standardized for all time so that the engineers might give their 
attention to other problems. While such a consummation 
may have appeared very desirable to some at that time, new 
developments in materials and processes and in methods of opera- 
tion continually open up new fields of investigation and design. 
Our paper has attempted to chronicle the major steps in this 
development. 

In considering Professor Pupin’s discussion, the authors very 
much regret that he appears to feel that they have not fully 
recognized his contributions to this art, and that as a result of 
this has made several remarks which he designates as “‘disagree- 
able things.” 

The paper refers to Professor Pupin’s famous solution of the 
coil-loaded transmission line. It is so generally known that it 
hardly requires repetition that Professor Pupin obtained the 
fundamental patents on the coil-loaded line and the toroidal 
form of loading coil. 

As stated at the beginning of the paper, this does not attempt 
to cover the origin of loading or the early developments of the 
art, as these have been treated quite fully in earlier papers, 
particularly Mr. Gherardi’s 1911 paper before the Institute. 
The loading-coil invention, as was true of Bell’s original invention 
and as is true of nearly all important advances ,was not without 
its controversies. This is similarly true of the developments 
in filters and balancing networks which Professor Pupin also 
mentions. Any reference to these past controversies is entirely 
aside from the purpose of the paper. 

Now, about that part of Dr. Pupin’s discussion relating to the 
beautiful companionship of the loading invention and the re- 
peater invention, a casual reading of the paper may lead one to 
infer that the application of repeaters to loaded circuits was 
easily accomplished. Be it understood, however, that the paper 
is a statement of end results, rather than a detailed account of 
the difficulties which had to be overcome to reach these results; 
in fact a great deal of investigation was required, extending 
over a number of years, before it was commercially possible to 
combine phantoming, loading, and repeatering telephone circuits. 
A study of the line characteristics indicated that the failure of 
the early types of loading coil to maintain the necessary stability 
was principally responsible for the inability of the repeaters to 
get along with the loading coils. Development of new magnetic 
materials and improved construction methods were required 
before these obstacles were overcome. 


METHODS OF HIGH QUALITY RECORDING AND RE- 
PRODUCING OF MUSIC AND SPEECH BASED ON 
TELEPHONE RESEARCH! | 
(MAXFIELD AND Harrison) 

New York, N. Y., Fespruary 9, 1926 


C. R. Hanna: The following discussion applies particularly 
to that part of the paper dealing with the reproducing mechanism. 
The relative merits of the several improvements that were made 
are not clearly brought out in the paper and it is the purpose 
of the writer to compare the importance of the various 
developments. - 

In listening to reproduction from one of the. new-type 
phonographs, the average person is impressed with just two 
things; first, the apparent greater volume of sound, and second, 
the great improvement in the response at low frequencies. 
The greater volume of sound is due partly to the fact that there 
are more low frequencies present, and perhaps, in a measure, 
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to the fact that the diaphragm is one which acts like a piston, 
causing a greater volumetric rate of displacement of air into 
the horn for a given needle velocity than with the old type of 
flat diaphragm. 

The improvement in the low-frequency characteristic of the 
reproducer, as described, could not have been obtained without 
the use of the slowly expanding logarithmic or exponential horn. 
The authors refer to the work of Arthur Gordon Webster in 
this connection: the general properties of the exponential horn 
were given in his National Academy of Science paper of 
1919. Webster did not, however, carry his work sufficiently far 
to show the properties which the authors have stated in their 
paper; namely, that the exponential horn is a uniform radiator 
of sound down to a certain frequency, known as the cut-off 
frequency, which is determined by the rate of increase of section 
and the area of the large end of the horn. 

‘The authors cite some work (as yet unpublished), by Messrs. 
Flanders and Thuras, in which these properties are shown both 
theoretically and experimentally. I desire to call attention to 
the fact that the paper by Hanna and Slepian on “The Function 
and Design of Horns for Loud Speakers’’? showed these same prop- 
erties for the exponential horn. The equation for such a horn 
is 


A= A, €?* 
where 
A = Area at any point 
A, = Initial area 
x = Distance from initial area, em. 


B = Constant which determines the rate of increase. It was 
demonstrated that the cut-off frequency is determined by the 
relation 


2 a 


Sy iene 
where a = velocity of sound. From this it is seen that the 
smaller B is, the lower will be the cut-off. 
The radiation characteristic of the infinite exponential horn 
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for a fixed velocity of air in its throat was also shown in the paper 
by Hanna and Slepian. Fig.1, herewith,showsthisecurve. The 


E 2) : : F 
abscissas are —— and the ordinates give the comparison be- 


tween the exponential horn and the infinite straight pipe which 
is a uniform radiator down to zero frequency. The cut-off 
point is seem to be as stated above. 

It was clearly brought out in this paper that an exponential 
horn could be made with much smaller dimensions than any 
other shape of horn giving equal performance. A comparison 
was also shown between a particular exponential horn and a 
conical horn of equal length and terminal dimensions. This is 
given in Fig. 2, the superiority of the exponential horn being 
quite pronounced. Up to this time many persons had advocated 
the conical horn. It is believed that this paper was the first 
to show the superiority of the exponential horn. 


2. A. I. E. E. Transactions, 1924, page 393. 
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Now, taking up the matter of the final or large area of the horn, 
as is pointed out by, Maxfield and Harrison, if this area is large 
enough to prevent end reflections in the range of frequencies 
where the horn is a good radiator along its length, a horn will be 
secured which has very little resonance. The curves of Fig. 3 
were presented by Hanna and Slepian to show the variation of 
reflection with frequency and area. The curves indicate that 
the smaller the area and the lower the frequency, the greater 
will be the reflection. It is seen, however, from the curve for 
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the largest area, that the reflection becomes appreciable only in 
the range of frequencies where the horn ceases to be a good 
radiator along its length. Hence it follows that a horn of this 
shape can be designed with no marked fundamental resonance. 

The degree of horn resonance and the position of the cut-off 
frequency as indicated by Fig. 20 of the Maxfield and Harrison 
paper agree very closely with values that can be predicted from 
the curves of Figs. 1 and 3 in this discussion. 

The very careful proportioning of masses and compliances 
in the mechanical system of the reproducer has played only 
a minor part in the securing of a more uniform frequeney-re- 
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sponse characteristic than in the older types of phonographs. 
The slight extension of the upper frequency range may be 
attributed to the accurate design of mechanical parts. It 
should be pointed out, however, that since the phonograph 
record is a constant-current (or velocity) generator, the impe- 
dance of the mechanical system does not have to be uniform 
over a wide band of frequencies for it to be forced to vibrate 
in accordance with the vibrational velocity of the record. A 
departure from this fact, not apparent from the electrical analogy 
given by the authors in their paper, is the ability of the whole 
arm of the reproducer to vibrate in the low-frequeney ranges 
instead of just the diaphragm mechanism. This may be over- 
come either by increasing the mass of the arm or, as the authors 
have done, by reducing the stiffness of the diaphragm. 

Great credit is due the authors for the design of a mechanical 
system which is ight and resilient, enabling the needle to track 
the record with small reaction force (and consequent decrease 
in wear) at the high frequencies where the accelerations are 
great, and at low frequencies where the deflections are great. 
The big improvement in the quality of reproduction, however, 
is due to the use of an exponential horn whose rate of increase 
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of section is very small and whose final section is quite large. 

E. W. Kellogg: Ithink most of us have thought of the rock- 
ing arm, which connects the needlewith the diaphragm in a phono- 
graph,asasimple lever, rigid enough so that when the needle moves 
one way, the diaphragm moves the opposite direction by a cor- 
responding amount. If we could see what is really going on 
during a high-frequency vibration, we should probably find 
that the motion was more nearly like that of a snake. Messrs. 
Maxfield and Harrison and their associates have accepted the 
wave-motion picture and based their design upon it. The most 
striking resultant change in design is the interposition of a flexible 
link, or spring, between the end of the lever and the diaphragm. 
On first thought, it seems like deliberately throwing away some 
of the available motion, but the result is quite the opposite. 
I refer to the spider through which the diaphragm is driven. 

If telephonic currents are to be transmitted without distortion 
over a high-efficieney line of length exceeding a sixth of a wave- 
length for the highest frequencies, the line must end in a non- 
inductive resistance of a definite value. A corresponding 
resistance is required in a mechanical system. In the case of 
the reproducing system the required resistance is obtained from 
the sound radiation of the diaphragm. But for the cutting 
tool, some other resistance must be found. In an electrical 
circuit nothing is easier to get than resistance, yet its mechanical 
counterpart is by no means easy to obtain. Sliding friction 
is not at all suitable. Motion in viscous fluids and electro- 
magnetic drag, such as used in wattmeters, are true analogs. 
I wish to draw an illustration from the case of electromagnetic 
drag. An aluminum ring, weighing about four grams, surrounds 
amagnet pole, sothatitisinaradial field of about 10,000 gausses. 
If one pushes it up and down, it feels as if it were in thick molasses. 
Under its own weight it settles about one millimeter per second. 
Yet if this ring is vibrated in an axial direction at 4000 cycles, 
its mass so predominates over the resistance that the power 
factor is only about 40 per cent. Mechanical hysteresis is 
another means for absorbing energy from vibrations. Rubber 
has long been used for such purposes. But rubber, so far from 
being pure in mechanical resistance, is a spring with a power 
factor of only about 10 per cent. I think the authors of the 
paper are to be complimented upon the ingenious device by which 
they obtain with the use of rubber a practically pure resistance 
with which to load the cutting tool. It should be borne in mind 
that the damping required for the cutting tool is of an altogether 
different order of magnitude from that which many of us ‘have 
employed to take out the resonance peaks from loud-speaker 
diaphragms and similar applications. 

The paper mentions methods of measuring mechanical impe- 
dances. I should be much interested to hear something further 
of the means used, for the problem presents many difficulties, 
and the results of such measurements would find many 
applications. 

One statement in the paper causes considerable surprise. The 
knife edge was discarded because it has too great an elastic yield, 
and because it brings in too much rotational friction. The 
knife edge, of course, must work with an initial pressure exceeding 
the maximum force on the bearing, due to the vibrations, and is 
not well adapted to stand forces in more than one direction, 
but, in the case of the pivot for the reproducing lever, one would 
expect a well designed knife edge to work very satisfactorily. 

L. T. Robinson: I am in agreement with the statement of 
the authors that, ‘“‘There is therefore no distortion in the record 
whose purpose is to compensate for errors in the reproducing 
equipment.” In employing so many elements, some of which 
can be so readily modified in performance the temptation is 
very strong to look only at the final result and not be too eritical 
as to where any corrective treatment is to be administered. 
I hope the stand taken by the authors will be firmly adhered by 
them and others who are working along similar lines. In this 
way, any progress that has been made, or will be made, becomes 
permanent. 
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Speaking of the electrically-cut recordin general, we need not, 
for the moment, be concerned with minor details of the process. 
The results already obtained are so good that we may feel sure 
that the electrically cut record has come to stay and will place 
the phonographic art on an entirely new plane of excellence. 

The mechanical reproducing system described by the authors 
is a distinet advance over former phonographs. However, 
I feel that full realization of the advantage of the electrically 
eut record will come through electrical reproduction. 

One great advantage of the electrical method of reproducing 
is that the control of the sound volume is obtainable quite 
independent of the cut on the record and the cut on the record 
is controllable with consideration for the best conditions for the 
record alone. The advantages of such separation can be learned 
from the paper if it is read with this point in mind. 

Volume of the sound reproduced is quite important and re- 
production to be quite satisfactory must be about equal to the 
volume of the original sounds. A loud tone produced on a 
given musical instrument is quite different from a soft tone pro- 
duced on the same instrument and reproduced with larger 
volume. 

A. E. Kennelly: We have here presented to us the wonderful 
analogy which underlies mechanical and electrical phenomena, 
with mechanical phenomena interpreted in electrical terms. 

We have long known that mechanical inertia was really 
electrical, and now we are finding that all these mechanical 
phenomena are primarily electrical quantities. 

J. P. Maxfield: There are one or two technical questions 
brought out in Mr. Hanna’s discussion which are of interest: 
The first deals with the statement that the new reproducing 
mechanism has a greater apparent volume of sound. In this 
connection, it is interesting to note that the response curves 
of the new and the old machines shown in Fig. 20 indicate that 
in the frequency region from around 800 to 2000 cycles per second, 
the old machine produced a louder sound for a given needle 
velocity. It will be seen, therefore, that this apparent increase 
in volume has been obtained by the widening of the band re- 
produced rather than by increasing the amount of energy 
radiated in that frequency band in which the old machine was 
most efficient. 

The other point of interest refers to his statement that ‘The 
very careful proportioning of the masses and compliances in 
the mechanical system of the reproducer has played only a 
minor part in the securing of the more uniform frequeney response 
characteristic than in the older type of phonograph.’ In view 
of the high quality which is obtained and of the commercial 
requirement that the wear on the record shall not be excessive, 
the authors do not agree with this statement. It is not neces- 
sarily true that because the record is a constant-current generator 
and, therefore, delivers constant current to the sound-box 
mechanism, that the diaphragm necessarily delivers constant 
current to the air. If a relatively stiff, heavy, vibrating system 
is used, it becomes exceedingly difficult with the constant- 
current type of generator to obtain good quality and if it is 
possible to obtain it, the wear on the record becomes excessive. 
A reference to Fig. 16 indicates that the first part of the system 
reached is the needle point which has a definite compliance. 
At the higher frequencies, if the impedance of the reproducing 
system is too high, the needle will bend instead of moving the 
rest of the system and the response will be reduced thereby. 
Similarly, at the low-frequency end, if the ‘diaphragm-edge 
compliance is too small, that is, if the diaphragm is too stiff, 
the whole tone arm will vibrate and thereby reducé the motion of 
the diaphragm relative to its case. It is true that,so far as re- 
sponse is concerned, this effect can be corrected by increasing 
the moment of inertia of the tone arm—a method which is equiv- 
alent to increasing the mutual inductance of the transformer, 
Ti, (Fig. 16); but if the solution is thus obtained, the wear on the 
record becomes excessive and in some eases the force becomes so 
great that the needle will not track in the groove. 
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The solution presented in the paper is one in which the mechan- 
ical impedance has been made as nearly as possible independent 
of frequency and is of the nature of a pure mechanical resistance. 
The result of this type of solution is that a maximum of sound 
energy at all frequencies within the band is radiated with a mini- 
mum of wear on the record. 


MECHANICAL FORCE BETWEEN ELECTRIC CIRCUITS! 
(DouERTY AND Park) 
New York, Frpruary 9, 1926 

J. Slepian: The relation which is perhaps most frequently 
used by electrical engineers for calculating mechanical forces 
between circuits is that due to Maxwell, which states that, in 
any displacement in which currents are kept constant, the 
mechanical work received during the displacement is equal to 
the increase in magnetic energy of the system. This relation is 
readily derived from the principle of conservation of energy by 
taking into account the electrical input during the displacement. 
As Professor Karapetoff puts it, there is a ‘fifty-fifty’’ rule here; 
half the electrical input goes to increasing the magnetic energy 
and half is given up to mechanical work. 


However, this fifty-fifty rule does not apply when there is iron 
in the neighborhood, subject to saturation, and Messrs. Doherty 
and Park do well to bring out this fact strongly. In my own 
experience I have seen several cases where this rule led to com- 
pletely erroneous results when applied to practical machines. 
In one instance, a complete change in sign of the force was 
involved, a repulsion was predicted, whereas actually an attrac- 
tion was found. The magnetic circuit shown in Doherty and 
Park’s Fig. 1 is one for which application of the fifty-fifty rule 
would give the wrong sign if the iron is saturated. With con- 
stant current, motion of the armature upward decreases the 
magnetic energy, and yet, the armature is attracted and not 
repelled. 

The great contribution of Doherty and Parkin this paper lies 
in showing that application of the principle of conservation of 
energy in another way leads to a relation which is universally 
applicable, saturation or no saturation. Namely, if the mechani- 
eal displacement is effected, not with constant currents but with 
constant flux linkages, then the mechanical work received is 
equal to the decrease in magnetic energy. The authors further 
add to the value of this result by showing how the calculation on 
this basis may be carried out, when the curves connecting flux 
linkages with currents for various positions of the moving parts 
are known. 


I have a suggestion to make as to the formulas (9) and (11) 
which the authors give, and the corresponding expression for 
magnetic energy. While it is principally a matter of notation, 
I think it is important because it makes such a difference in 
the clarity of ideas. For simplicity, considering only two cir- 
cuits, the authors would write the magnetic energy, 


Qy Qy 
E= fidatS i2dwe 
(0) 0) 


To bring out more definitely that 7; and 7» are functions of both 
variables, w; and w2 I shall write this as 


Qy Q2 
E — if U4 (w4 wo) d G1 + aif: 12 (w1 wo) d 2 
0 0) 


Now wy» is not a constant in the first integral, but may be varied 
as w, varies, and w,; is not a constant in the second integral. 
However, whatever relation is adopted between w. and w; in the 
first integral, the same relation must be used in the second if 
the correct value for magnetic energy is to be obtained. 

Now integrals of this kind are of frequent occurrence in mathe- 
matical physics, and they are usually denoted by line integrals 
written thus: 


1. A.J. E. E. Journar, March, 1926, p. 231. 
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This single integration is to be carried out over a curve in the 
«1 wy plane, joining the point (a % >) to pointe ay: 
2 = (0) Op. — Wis 
In general, the value of such a line integral depends upon the 
path chosen in going from the initial point to the final point, but 
in this case since the magnetic energy is the same, however the 


state ( a i) is reached, the integral is independent of the 
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path. Mathematicians have shown that in this case it follows 
that, 
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This may be looked upon as a generalization for the case of 
saturation, of the well-known fact for the linear case, that the 
mutual inductance of circuit No. 1 upon cireuit No. 2 is equal 
to the mutual inductance of circuit No. 2 upon circuit No. 1. 

On the fourth page first column of their paper, the authors give 
a number of formulas applying to their Fig. 1, and state that the 
quantity Ly, which appears there, is the inductance corresponding 
to no saturation. However, in their derivation of these formulas, 
if I understand their derivation correctly, Lo is taken as the 
inductance corresponding to the air gap alone. That is, Lo is 
the inductance corresponding to infinite permeability, and not 
to no saturation. There thus seems to be an omission in the 
authors’ proof, which might be rectified as follows. 

Let 
Ly = inductance corresponding to air-gap alone:7. e. inductance 

corresponding to infinite permeability. 

Let 
iy, = 

Let 
L, = inductance corresponding to iron alone with no saturation, 

i. e., inductance with zero air-gap and no saturation. 
Then, 


inductance corresponding to no saturation, 


Li’ Lo Ly; 


Hence, since L; is constant. 
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Hence, since Ly appears in the authors’ formulas only in the factor 


) 1 
Ox ( Lo ) 

Therefore Lo’ may replace Ly throughout. 

R. H. Park: In order to test the ease of applicability of the 
formulas developed and the agreement of calculated and ob- 
served results, a calculation and test was made in a particular 
case. 

The circuit employed (see Fig. 1 herewith) consisted of two 
magnetic yokes separated by a brass strip and excited by direct 
current in two coils connected in series. 

In order to determine the attractive force of the yokes, a 
weight was attached to the lower yoke and the exciting current 
was reduced until the yokes separated. 

In order to calculate the force, the flux linkages w were measured 
with a ballistic galvanometer for different air-gap and excitation. 
This data are shown in Fig. 2. 


rom) 
Ox 


were computed (see Fig. 3) as outlined in the paper. The forces 
were then calculated from the areas under these curves. 


From the saturation curves, the curves of at constant 


680 


The agreement of observed and calculated results is shown in 
Fig. 4. The smooth lines in the figure represent the calculated, 
and the small circles, the observed results. 

The difference between observed and calculated results is 
about 4 or 5 per cent, the observed: results being, in general 
less than the calculated. The tendency for the observed results 


to be low may be accounted for by unavoidable disagreement in 
the positions of the center of moment of the load and of the 
attractive force resulting in less effective magnetic pull, or by 
the effect of vibration. 

From a theoretical point of view, we know that, until the satura- 
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tion of the core is sufficient to change appreciably, the distribu- 
tion of the field in air, the curves of oe : should be linear. 

It may be observed that the experimental results agree with 
this requirement, the curves of oe being linear except at very 


high saturation. 
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This fact indicates that the approximate expression for force 
[equation (65) of the paper] holds good in this case until ex- 
tremely high values of saturation are encountered. 

Thus, the experimental results obtained agree with (hos 
theoretically deduced in the paper. 

R. E. Doherty: The authors wish to thank Dr. Slepian for his 
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suggestion regarding notation. It is undoubtedly a somewhat 
clearer representation of quantities than that used by them. 
With respect to his other suggestion, however, the authors 
have not made the omission in logic which he alleges. 
They have treated two different special cases where saturation 
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is taken into account, and in the results of both cases, the term 
Lo appears. 


“the self-inductance in henrys of a single circuit without satura- 


The symbol Ly is defined in the list of notations as 
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tion,” and it therefore, in general, includes the effect of the reluc- 
tance of the iron as well as of the air. Dr. Slepian’s point is 
that the effect of the reluctance in the iron, when saturation is 
absent, is not taken into account. 

The two cases treated are, 

a. “Special Case,’’ in connection with Fig. 3 of the paper. 
Here it is specifically stated that, so far as Lo is concerned, the 
magnetic reluctance of the iron is neglected. Therefore Ly in 
this special case in the industance corresponding to zero reluct- 
ance in the iron. Hence Dr. Slepian’s discussion, referring to 
the equations based on this assumption, is not pertinent. 

b. Another case, Appendix D, in which no qualifying as- 
sumption is made with respect to Ly except those given in the 
definition, quoted above, from the list of symbols. And, there- 
fore, if it is desired to consider the case which Dr. Slepian has in 
mind, he should use the equations for this case given in Appendix 
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PARAMETERS OF HEATING CURVES OF ELECTRICAL 
MACHINERY! 
(KARAPETOFF) 
New York, N. Y., Fesruary 10, 1926 


G. E. Luke: As mentioned in this paper, Professor Kennelly 
derived the heating characteristics of an electric machine by 
considering it as one ‘‘chunk’”’ of metal’. This paper gives the 
thermal equations on the basis of two ‘“‘chunks’’ of metal (core 
and windings). An approximate solution of this problem based 
on three ‘‘chunks” of metal (core, windings, and frame) was 
given in another previous Institute paper®. As a matter of fact, 
a correct solution of this problem would have to be based upon 
an infinite number of ‘‘chunks.”’ 

Professor Karapetoff assumed two thermally connected masses 
of metal (core and windings), each having a uniform temperature 
and loss throughout. In practise, the losses and temperatures 
are usually much higher in the teeth than in the main part of the 
core; hence, there will be a heat flow in that direction. In the 
windings, there may be a considerable heat flow from the em- 
bedded part to the ventilated end portion. Thus, the heating 
eurve of the ‘“‘hot spot’’ on the copper will depend not only upon 
the thermal constants of the embedded copper and core but also 
upon the thermal conditions of the end windings. Again the 
large variation in the temperature of the cooling fluid in its 
passage through the machine will tend to cause all parts of the 
machine to vary with it. 


The assumptions which must be made in order to derive the 
approximate thermal characteristics of a machine are more 
closely approached in small machines with relatively little forced 
cooling. On the other hand, in large machines, where long heat 
and fluid flow paths are found, together with a high velocity of 
the cooling fluid, the derivation of the heating characteristics on 
the assumption of uniform core and winding temperatures is 
likely to be erroneous. 


The method of solution of the problem as simplified by 
Professor Karapetoff interested me, as several years ago I had 
occasion to solve the same problem. In my solution, 6; was eval- 
uated from eq. (2) (also d 6;) and substituted in eq. (1). Thisalso 
gave a linear differential equation having constant coefficients, 
but the second member, instead of being zero, as in eq. (8), was 
a funetion of pi, po, ki, ke, 81, and a, where a is the temperature 
coefficient of resistance. The solution of this was similar to 
eq. (10) with a constant term added. Although the method of 
solution given in this paper seems to be indirect, yet the equations 
representing the arbitrary constants are more systematic than the 
method I used. 


1. A.I. E. E. Journat, January, 1926, p. 40. 

2. Temperature Rise of Electric Machines on Intermittent Duty, by 
G.E. Luke, Electrical World, May 27, 1922. 

3. Heating of Railway Motors in Service and Test-Flaor Runs, by 
G. E. Luke, JournaLA. I. E. E., (1922), p. 165.. 
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For the application of these equations, the author suggested 
that the many constants be calculated from experimentally 
obtained heating curves. The difficulty is to obtain accurate 
heating curves of the copper and iron temperatures especially 
on the rotating members. 

I have applied these equations for predetermining the tem- 
peratures of machines on short-time overloads by calculating 
the constants from the known physical conditions. Thus, on 
such loads, most of the losses are stored and since the copper has 
such a high rate of loss, its temperature rises quickly. For ex- 
ample, the temperature rises of a 50-h.p., d-c. railway motor on 
a 150-per cent load, for one-half hour, as calculated (starting cold) 
were 51.5 deg. cent. armature core and 85.5 deg. armature cop- 
per, while the actual tested values were 48.0 and 87.5 deg. 
cent. respectively. 

Another interesting application of these heating equations 
was to calculate the heating and cooling curve of a 600-volt, 
31,000-cir. mil., rubber-insulated, stranded copper cable, with a 
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load of 214 amperes for 244 min. The calculated points were 
based only on the weight of copper and insulation, the conduc- 
tivity of heat of the rubber, and the surface heat transfer from 
the cable. The solution is necessarily approximate since the 
insulation and copper were assumed to have a uniform tempera- 
ture 6. and 6, respectively. The results are given in Fig. 1 
herewith. Since the loss in the rubber was zero, its slope was 
zero at the start of the cycle. 

Although the assumption of two thermal masses simplifies 
the problem considerably, the final solution is still long and 
complicated and therefore will be used seldom by the average 
engineer. This solution should prove of value to the specialist, 
however, when considering problems such as I have mentioned. 
This solution also will indicate the limitations and errors of the 
less approximate solution based on a single uniform mass of metal. 

W.F. Dawson: I want to show some curves (Fig. 2 herewith) 
that follow the curves given in Goldschmidt’s paper* and also 
by Dr. Kennelly. 

These curves are the heating curve of a mass of copper im- 
bedded in insulation and other surrounding material. To 
simplify the problem, let us assume that it is not armature copper 
in an armature, but a field coil where the only loss is the copper 
loss. The initial rate of temperature rise depends upon the 
specific heat of the material, the specific gravity, (density), the 
specific resistance, and the current density. It so happens that, 
at 1100 amperes per sq. in., where there are no parasitic or extra 
losses, and the mean temperature is about 60 deg. cent., the rate 


4. Journal I. E. E. (London) May 1905, Vol. 34, No. 172, p. 660. 
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of temperature rise is almost exactly one deg. cent. per min. 
This current density also gives approximately one watt per cu. 
in. (0.95 watt). 

In practise, it is found that at 1100 amperes per sq. in., the 
initial rate of temperature increase is much less than one deg. cent 
per min., seldom more than one-half of a deg. cent. per min. and 
sometimes as low as one-third of a deg. cent. per min. The 
explanation lies in the fact that these windings are always sur- 
rounded with a considerable amount of insulation and frequently 
with masses of iron. Goldschmidt has suggested that the 
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specific heat of cotton insulation is approximately six times that 
of copper; hence it is easy to explain that the added thermal 
capacity of the surrounding insulation and iron is-responsible for 
the lowered rate of temperature rise. A divisor of two is usually 
quite safe, hence with a current density of 2200 amperes per sq. 
in., one can safely assume that the initial rate of temperature 
rise will not exceed two deg. cent. per min. 

I have made several tests with temperature rise plotted 
against time and found that, when a proper factor was used for 
the thermal capacity, the test results compared very closely with 
curves caleulated according to Goldschmidt’s formula. In one, 
a strange ‘‘hump”’ was shown in the observed heating curve and 
it was referred back to the testing department with the comment 
that ‘‘the phase currents in the armature became temporarily 
unbalanced.’ This was found to be the case. The extra heat- 
ing was due to double-frequency currents induced in the field 
because currents in the armature phases became unbalanced. 
Fig. 2 will be found useful in the study of short-time ratings of 
windings, and the effect of fractional loads and overloads. It 
should be considered as a suggestion rather than something to be 
followed under all circumstances. It is plotted on the assump- 
tion that 2200 amperes per sq. in. gives an initial temperature 
rise of two deg. cent. per min. (this assumes that total thermal 
capacity equals twice that of the copper winding), that the final 
temperature rise will be 40 deg., and that the temperature rise 
varies as the square of the current load. 

A little study will suggest many uses for curves of this sort; 
for example, a short-time overload is required on a machine that 
has been operating at fractional load until it has reached steady 
temperature. Krom the steady temperature indicated by the 
curve for that fractional load, follow the abscissa line to the 
left until it intersects the curve corresponding with the over- 
load and note the corresponding time. Add the time for the re 
quired overload, and the intersection of the corresponding ordin- 
ate with the overload curve will indicate the total temperature 
rise. 


C. J. Fechheimer: <A few more words may be added in 
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regard to the longitudinal heat flow in the copper. In machines 
which have, let us say, over 50-in. core length, the influence of the 
longitudinal flow upon the copper temperature at the middle of 
the core may be neglected. But in short machines, that flow 
plays an important part in the heat dissipation at the center. 
In some short machines, (say eight in. of core length or less), most 
of the heat generated in the copper is dissipated from the end 
windings, and there may even be flow of heat from the iron to the 
embedded copper whence it flows longitudinally to the ends. 
Frequently, then, there is not a great difference in temperature 
between the embedded copper and the ends. 

It is well knovn that the time constant in a simple exponential 
equation is proportional to the ratio of the storage of heat to the 
dissipation of heat. In general, that time constant is consider- 
ably higher for the embedded part than for the ends, and, since 
there is so large an interchange of heat between the two in the 
short machine, the influence of the longitudinal flow cannot be 
ignored. About eight years ago I tried to obtain a solution of the 
problem, taking into account time and the distance along the 
conductors as independent variables. I obtained the partial 
differential equations and was able to integrate them. But the 
equations became so unwieldy when the terminal conditions were 
substituted that I abandoned the solution. I believe I still 
have the papers, and should be glad to send to Professor 
Karapetoff the results as far as i went, if he cares to go over them. 

Suppose the time-temperature curves for a short machine 
are illustrated graphically as in Fig. 3 herewith. Curve I shows 
the rate of heating of the embedded part, and Curve II that of the 
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ends, assuming that neither is influenced by the other. The 
actual time-temperature curve of the copper at the middle of the 
machine is about as in Curve III. The ends attain their maxi- 
mum temperature in considerably less time than the embed- 
ded parts, each acting alone, and the maximums are quite 
different. If the equation of Curve III can be taken as of simple 


Tr 


exponential form [@= 4, (1 — e *)], and if the final temperature 


be known, the entire curve 
t=o 


; re dé 
rise 6, and the initial slope ia 


ean be plotted. 


In Dr. Kennelly’s paper of last year, and in this paper of Pro- 
fessor Karapetoff’s mention is made of the similarity between the 
time equations of the heat circuit and the electric current eon- 
taining inductance and resistarice. In the discussion of a paper 
by Mr. Luke in 1922, that similarity was noted.? Perhaps that 
was brought to the attention of the electrical engineers long ago. 


A. E. Kennelly: In the paper which I presented last year, 
I was not interested primarily in the determination of the con- 
ditions of heating, but in the presentation of the statistical factors 
concerning heating. As has been pointed out by several speakers, 
and as pointed out in the discussion last year, there are a number 
of instances in which the heating curves of parts of machines, or 
of parts of windings, or of core bodies, follow exponential curves, 
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and it ismarvelous, I think, how common exponential curves, either 
of the rising type or of the falling type, are in natural phenomena. 

We have been in the habit of referring the unit of time in which 
the exponential change occurs to a time constant in which the 
change is 63.2 per cent of the final ultimate change and in the 
next time constant 63.2 per cent of what again is left. That is 
a very awkward numerical calculation to present to practical 
men, so that, in order to avoid that unnecessary numerical and 
statistical combination, I ventured to point out that it is suffi- 
cient to take approximately 70 per cent of that exponential time 
constant (69.3 per cent theoretically) and to state that, as the 
binary time-constant or the time to come up to one-half; so that 
if in the first binary time constant of, let us say, twenty minutes, 
this element of the machine will come to half its final tempera- 
ture elevation, then, in the next binary time constant of twenty 
minutes, it will come to half of what is left or three-quarters of 
the whole. 


As has been pointed out by Professor Karapetoff and others, 
. probably no machine develops a strictly exponential time curve 
of heating. As engineers, we try to find reasonable practical 
applications and we say, ‘‘Well, granted that it is never quite 
true, are there not cases which present themselves where the 
deviations for ordinary practical purposes can be neglected?”’ 
It is my opinion, after having gone over a considerable number 
of such heating curves, that many cases can be treated upon the 
basis of an experimental time constant. 


So I think the procedure we can agree uponis this: Let us find 
the cases which present themselves in engineering practise where 
the actual curves are nearly constant, so that we may say, for 
practical purposes, that this machine, under such a load, will 
come up to one-half its final temperature elevation in so many 
minutes. Then one knows just how the heating will be beyond 
that point. Then, let us tabulate the exceptions. 


I think we may look upon this as a valuable tool for the future, 
but I want first to see a tabulation of what can be done with 
existing machinery of various classes, using the simple, single 
time-constant. From what I have been able to ascertain from 
actual engineers,—men who are using ithis, there will be a con- 
siderable number of cases where that does apply reasonably well. 


F. Fabinger (in writing’): It may be of interest to call at- 
tention to my article entitled ‘“‘A Contribution to the Theory of 
Heating of Electrical Machinery”’ published in the May 1923 
issue of the Elektrotechnicky Obzor which is the official organ 
of the Association of Electrical Engineers of Czechoslovakia. 
In this article, I consider a body which is a source of constant 
quantity of heat per unit time to be completely surrounded by 
another body of infinite conductivity, in contact with a cooling 
medium of constant temperature. The differential equations 
in this case lead to a solution similar to Karapetoff’s eq. (10); 
that is, the instantaneous temperature is expressed by a sum of 
two exponential terms. 


Vladimir Karapetoff: As Dr. Kennelly has pointed out, the 
next step is to apply the proposed theory to a few machines to see 
how handy (or unhandy) it will be. I also hope that someone 
will be spurred to improve the two-chunk theory, but let us hope 
that this will be not in the direction of a three-chunk theory, 
but in the direction of distributed flow of heat. 


To me, the next step is this: Assume the heat flow in the 
stator copper to be parallel to the shaft of the machine and the 
heat flow in the stator core to be radial. The temperature at a 
point will then not only be a function of time, but of the coordi- 
nates of that point.as well, so that, as Mr. Fechheimer has pointed 
out, we shall have equations with partial derivatives. It would 
be of considerable interest to establish such equations. Even 
should they prove to be too complicated for a straightforward 
solution, some’ approximation methods may be applicable in 
numerical cases. 


«5. From Prague, Czechoslovakia. 
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ILLUMINATION ITEMS 
By Committee on Production and Application of Light 
SMALL CORONA LAMPS 

Gaseous conductor lamps have been produced by D. 
McFarlan Moore for service on 115-volt circuits and in 
sizes smaller than those heretofore developed. They 
are now available in two sizes, illustrated in the ac- 
companying cut, for operation upon 115-volt circuits, 
a-c. and d-c. 

The lamps are understood to be filled with neon, 
argon and helium in certain proportions. When excited 
by electric pressure, the gas becomes luminous at the 
cathode. On direct current, the gas around one elec- 
trode glows. On alternating current, the gas glows at 
both electrodes. ; 

The round bulb lamp, which is little more than an 
inch in diameter, consumes approximately 1/10 watt 
with an efficiency of the order of 14 lumen per watt. 
The small tubular bulb lamp consumes about 1/50 watt. 

These lamps, because of their low illuminating power 
and low efficiency, are not employed for purposes of 
illumination but possess value as markers and signal 
lights. By reason of practically instantaneous lighting 
and extinction characteristics they possess peculiar 
This type of lamp is em- 
ployed in successful experimental transmission of 
motion pictures. 

At the Annual Convention of the Institute at White 
Sulphur Springs, in discussion of these lamps, it was sug- 
gested that one field of application for them lies in their 
use as signal lamps on motors for direct drive in indus- 
trial work where 220-volt supply circuits necessitate the 
use of 220-volt lamps which oftentimes are not easily 
available. 


EYESIGHT CONSERVATION 

The investigation of school architecture and con- 
struction showed that defective illumination of class- 
rooms has an adverse influence on the activity of the 
intellectual processes of children. 

The investigators, according to the report of the 
Eyesight Conservation Council, studied the relative 
value of daylighting and artificial lighting, concluding 
that ‘‘owing to the manner in which the human eye has 
developed during many ages under natural lighting 
conditions, the great changesin the intensity of daylight, 
varying as much as 1,000 foot-candles and more within 
a few minutes, are less trying to the eye than are the 
variations of relatively few foot-candleés of artificial light.” 

The standards used in the U. S. investigation were 
those of the Code of Lighting School Buildings prepared 
jointly by the Illuminating Engineering Society and the 
American Institute of Architects and approved as an 
“American Standard” by the American Engineering 
Standards Committee, on which the Eye Sight Con- 
servation Council was represented. This code makes 
definite provisions for natural as well as artificial 
lighting. (Eyesight Conservation Council of America.) 
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Annual Convention, White Sulphur Springs 


As we go to press, the Annual Convention of the A. I. E. EH. 
is being held at White Sulphur Springs, W. Va., June 21-25 
inclusive. 

The program is comprehensive of many interesting and 
progressive aspects of the Institute’s activities furnishing many 
attractions for the 350 engineers in attendance. 

The various committees of the Institute have surveyed the 
advancement of the profession in their respective fields; President 
Pupin, President-elect Chesney and other notable leaders have 
contributed addresses on the developments in electrical engi- 
neering, emphasizing the need and desirability of the electrical 
engineer participating both individually and collectively in 
national as well as local affairs. Several high-grade technical 
papers were scheduled for presentation, presenting gratifying 
advancement in the field of this specific art, as well as leading 
to much valuable and pertinent discussion. 


The full report of the Convention will appear in the August 


issue of the JouRNAL. 


Pacific Coast Convention to be Held in Salt 
Lake City, Sept. 6-10 


This year the Pacific Coast Convention will be held in Salt 
Lake City, Utah, beginning September 6 and continuing 
through for four days. A number of very fine papers 
have been arranged for and the well-known hospitality of Salt 
Lake City and the points of interest in and nearby this city 
insure an enjoyable meeting. 


INSTITUTE AND RELATED ACTIVITIES 
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The technical papers will deal with such subjects as high- 
voltage. transmission, corona, surge recorders, stability of al- 
ternators, distribution stations, the growth of population, power- 
factor correction, protection of oil tanks against lightning, 
transcontinental telephony, carrier communication on submarine 
cables, electricity in lead-silver mines, safety in mine application 
and engineering education. 

The general committee in charge of arrangements for the 
meeting is as follows: C. R. Higson, Chairman; P. P. Ashworth, 
H. G. Baker, V. L. Board, D. L. Brundige, R. J. Corfield, G. 8S. 
Covey, John Harisberger, R. A. Hopkins, C. P. Kahler, J. A. 
Kahn, E. A. Loew, C. A. Malinowski, J. F. Merrill, E. B. Meyer, 
H. T. Plumb, R. C. Powell, C. C. Pratt, Paul Ranson, L. W. 
Ross, John Salberg, H. H. Schoolfield, M. M. Steck, A. Vilstrup, 
H. B. Waters and B. C. J. Wheatlake. 


A Fine Niagara Regional Meeting 


A regional meeting of outstanding accomplishment was held 
by the Northeastern District’ of the Institute at Niagara Falls, 
N. Y., May 26-28. The meeting was notable for excellent 
papers, earnest discussion, well attended sessions and entertain- 
ment of high grade. About 580 attended the meeting. All 
sessions were held in the Niagara Hotel, the convention 
headquarters. 

The meeting was opened on Wednesday morning, May 26, 
by Prof. H. B. Smith, Vice-President in the Northeastern Dis- 
trict, after which J. A. Johnson, Chairman of the local convention 
committee, welcomed the assembled members in a short address. 
The first technical session, a symposiun on measurement of 
dielectric power factor, was presided over by Prot. A. E. Knowl- 
ton. Seven papers were presented which were as follows: 
Phase Difference in Dielectrics, by J. B. Whitehead; Standards 
for Measuring Power Factor of Dielectrics, by H. L. Curtis; 
The Significance of Errors in Dielectric-Loss Measurements, by 
C. F. Hanson; Use of.Dynamometer-Watimeter for Measuring 
Dielectric Power Loss, by E. S. Lee; Commercial Dielectric-Loss 
Measurements, by R. EK. Marbury; Three Methods of Measuring 
Dielectric Power Loss and Power Factor, by E. D. Doyle and 
EK. H. Salter and The Dielectric-Loss-Measurement Problem by 
B. W. St. Clair. 

A full discussion followed to which the following contributed: 
P. L. Hoover, E. W. Davis, I. M. Stein, J. D. Stacey, D. DuBois, 
Brian O’Brien, N. L. Morgan and R. Notvest. 

This symposium was continued on Wednesday afternoon 
with W. A. Del Mar presiding. Two papers were presented as 
follows: Compensation for Errors of the Quadrant Electrometer, by 
D. M. Simons and W. S. Brown; Zero Method of Measuring 
Power with a Quadrant Electrometer, by W. B. Kouwenhoven and 
P. L. Betz. 

Discussion on these papers was given by J. B. Whitehead, 
H. L. Curtis, C. F. Hanson, B.S. Lee, E. H. Salter, D. M. Simons, 
B. W. St. Clair, W. B. Kouwenhoven, C. A. Adams and Dela- 
field DuBois. 

A delightful trip to Toronto was enjoyed by about 200 members, 
following the session on Wednesday afternoon. The party 
traveled by trolley down the Niagara Gorge to Lewiston and 
across Lake Ontario to Toronto on a lake steamer. At Toronto 
the steamer was met by the lady guests of the convention who 
had gone in the morning to Toronto, where they were enter- 
tained by the ladies of the Toronto Section. On the return trip 
across the lake dancing was enjoyed on one of the decks. 

The Thursday morning technical session was. opened by 
J. A. Johnson, the presiding officer and two papers on rectifiers 
were presented as follows: Steel-Enclosed Power Rectifiers, by 
O. K. Marti; Rectifier Voltage Control, by D. C. Prince. These 
papers were discussed by R. H. Wheeler, Otto Naef, F. A. Faron, 
D.C. Prince, E. B. Shand, and S. Q. Hayes. 

K. F. W. Alexanderson next presented his paper Polarization 
of Radio Waves and this was followed by Current Transformers 
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with Nickel-Iron Cores, by Thomas Spooner. I. F. Kinnard and 
W. K. Dickinson discussed the latter paper. 

K. B. McKachron then described informally some experimental 
work he has done on the calibration of Lichtenberg figures, and 
J. H. Cox also added some discussion on this subject. Two 
more papers were then presented, namely, A Flux-Voltmeter 
for Magnetic Tests, by G. Camilli, and Circulation of Harmonics 
in Transformer Circuits, by T. C. Lennox. These were dis- 
cussed by R. L. Sanford, W. H. Cooney and C. H. Kline. 

On Thursday afternoon inspection trips were made, the prin- 
cipal trip being a scenic trip in the Gorge on which stops were 
being made to inspect the power plants on both sides of the 
river. 

The high point of the meeting was reached on Thursday even- 
ing in the banquet at which about 400 were present including a 
large number of Institute officers and other notables of the 
electrical profession. Vice-President H. B. Smith was toast- 
master and he first introduced P. A. Schoellkopf, President of the 
Niagara Fails Power Company, who said a few words of welcome. 
He was followed in short addresses by Giuseppe Faccioli, past- 
vice-president in the Northeastern District, A. I. E. E.; F. L. 
Hutchinson, National-Seeretary; H. M. Hobart, Vice-President- 
elect in the Northeastern District; C. C. Chesney, President- 
Elect of the A. I. E. B.; C. F. Scott, Past-President, and Edward 
D. Adams, one of the founders of the original power development 
at Niagara Falls. 

Mr. Adams gave a most interesting account of the difficulties 
of starting the Niagara Falls development in 1890 and 1891. 
At that time, he recalled, polyphase electric power was virtually 
unknown in this country and the only alternating-current 
apparatus consisted of small single-phase belted generators. 
The decision to adcpt alternating current was strongly opposed 
by such authorities as Edison and Lord Kelvin. However, it 
is now obvious that this decision is largely responsible for the 
remarkable advances made by the electric light and power 
industry for the success of Niagara has spread its influence over 
the earth. Niagara has stimulated and focussed attention on 
water-power development, electric transmission and the utili- 
zation of electricity. It is symbolic of engineering courage, 
daring and achievement. 

Following Mr. Adams’ address the winners of the prizes for 
papers presented in the Northeastern District in 1925 were an- 
nounced by C. A. Stevens, secretary of the District executive 
committee. The prize for the ‘“‘best’’? paper was awarded to 
K. B. McEachron and E. J. Wade for their paper Study of Time 
Lag of the Needle Gap. The prize for the best “‘first’’ paper was 
awarded jointly to C. A. Nickle.and R. W. Wieseman,—their 
respective papers being An Hlectro-Mechanical System Analyzer, 
(Nickle) and A. T’wo-Speed Salient-Pole Synchronous Motor 
(Wieseman). 

The final event of the dinner was a lecture on Modern Repro- 
duction of Sound, by lu. T. Robinson. He talked particularly on 
the recording of sound on electrically cut phonograph records 
and reproduction by the phonograph. He illustrated his talk 
through the reproduction of several musical selections by 
means of a phonograph operating a loud speaker whose volume of 
sound filled the banquet room. 

After the banquet a trolley trip was made to view the Falls 
which were being illuminated with many changing and shifting 
colors. 

At Friday morning’s session, H. C. Don Carlos in the chair, 
four papers were presented. The first was Variable Armature 
Leakage Reactance, by V. Karapetoff. This was discussed by 
P. M. Lincoln and BE. B. Shand. J. A. Johnson and EH. J. Burn- 
ham then presented Fire Protection of A-C. Generators. This 
was discussed by H. L. Barns, H. U. Hart, R. B. Williamson, 
L. W. Riggs, S. Q. Hayes, A. F. Hamdi, M. W. Smith, J. Allen 
Johnson, James A. Johnson and L. W. Riggs. 

F. V. Smith then presented his paper Automatic and Super- 
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visory Control of Hydroelectric Stations and this was discussed by 
W. H. Gerrie, C. F. Publow and A. G. Darling. 

The paper Retardation Method of Loss Determination as 
Applied to the Niagara Falls Generators by J. A. Johnson was 
then présented. Those discussing it were R. B. Williamson, 
E. M. Wood, V. Karapetoff, O. K. Marti and W. J. Foster. 

Friday afternoon’s session on power transmission was presided 
over by P. H. Thomas. S. Q. Hayes first presented a lecture 
illustrated with slides on Interconnection and Superpower. Mr. 
Hayes showed the large interconnected systems in this and other 
countries. L. E. Imlay then presented a paper on Huropean 
Transmission Practises by G. F. Chellis. Following this three 
more papers were presented, namely, Lightning and Other 
Experience on 182-kv. Transmission Lines, by M. L. Sindeband 
and P. S. Sporn; Notes on the Vibration of Transmission-Line 
Conductors, by Theodore Varney; Transmission-Line Sag 
Calculations, by H. B. Dwight. ixtended discussion followed by 
F. W. Peek, L. E. Imlay, L. C. Nicholson, E. 8. Healy, S. S. 
Hertz, M. G. Lloyd, H. B. Vincent, A. E. Knowlton, N. J. 
Neall, C. F. Scott, A. O. Austin, J. H. Cox, V. Karapetoff, and 
H. Halperin. 

On Friday evening there were two interesting features. The 
first was a piano recital by Professor Vladimir Karapetoff who 
chose for his subject Wagner’s opera Parsifal. Prof. Karapetoff 
made the rendition of the music especially attractive by a pre- 
vious explanation of the story of the opera, by lantern slides show- 
ing principal events and by explanatory verbal interpolations. 

The meeting ended with a lecture by G. S. Anderson on the 
Present and Future Development of Niagara Falls which was il- 
lustrated with beautiful motion pictures. 

This, the third regional meeting held by the Northeastern 
District, was in all ways a suecess, and the committees in charge 
deserve the highest commendation for the organization of the 
meeting and the smoothness with which all the events were 
conducted. 


Institute Award of Prizes 

The Committee on Award of Institute Prizes, composed of 
Messrs. E. B. Meyer, Chairman of the Meetings and Papers 
Committee, L. F. Morehouse, Chairman of the Publication Com- 
mittee and Perey H. Thomas, Chairman of the Power Trans- 
mission and Distribution Committee, reported on the date of 
June 15, as follows: 

“The Committee on Award of Institute Prizes has carefully 
considered the various papers submitted during the year 1925. 
They are all of a high calibre and show care in their preparation, 
and thoroughness of the work done. Some cover highly technical 
research work, important in a particular field of electrical pro- 
gress, while others are of somewhat more general interest. All 
contribute information of value and it has been a matter of 
considerable difficulty to determine the prize paper in both of 
the groups. 

‘‘After careful deliberation we have selected the following: 
First Paper Prize for the Year 1925 

A Two-Speed Salient-Pole Synchronous Motor, by R. W. 
Wieseman (Published in April 1925) 
Honorable Mention is awarded to 
Effect of Repeated Voltage Application on Fibrous Insulation, 
by F. M. Clark (Published in January 1925) 
Overvoltages on Transmission Systems Due to Dropping 
of Load, by HE. J. Burnham (Published in June 1925) 

“In reviewing the papers coming under the transmission 
group, it also was extremely difficult owing to the general 
excellence of the papers offered, to select one which might 
be considered to surpass the rest. The Committee, however, 
has agreed on the following: 

Transmission Prize 
The Klydonograph and Its Application to Surge Investigation, 
by J. H. Cox and J. W. Legg, (Published in October 
1925 issue of the JoURNAL) 
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Henorable Mention is awarded to 
Power System Transients, by V. Bush and R. D. Booth, 
(Published in March 1925 issue of the JouRNAL) 
Fundamental Considerations of Power Limits of Transmission 
Systems, by-R. E. Doherty and H. H. Dewey, (Pub- 
lished in October 1925 issue of the JouURNAL).” 
Arrangements were made for the presentation of these prizes 
at the Annual Convention of the Institute, White Sulphur 
Springs, West Virginia, on Tuesday morning, June 22. 


Revised Report on Standards for Electrical 
Measuring Instruments Available 


A completely revised report on A. I. EH. E. Standards for 
Electrical Measuring Instruments (Section 33 of the Revised 
Standards) is now available, without charge, for distribution 
to all those interested in the subject, members or non-members. 

This report is issued for purposes of criticism and revision 
before final adoption as an A. I. EK. E. Standards. The Standards 
Committee will greatly appreciate any suggestions based upon the 
application of the proposed Standards to general practise. All 
communications should be addressed to H. EK. Farrer, Secretary 
A. I. E. EB. Standards Committee, 33 West 39th St., New York, 
INE Ve 


National Exposition of 
Power and Mechanical Engineering 


Preliminary plans for the Fifth National Exposition of Power 
and Mechanical Engineering interests indicate that. the coming 
event which is to be held at Grand Central Palace, New York 
City, December 6-11 inclusive, will be larger and more compre- 
hensive than any of their previous Expositions. Approximately 
140 exhibitors have arranged displays in the heating and venti- 
lating field, some 75 in machinery and considerable space will be 
devoted to exhibits on power generating equipment. In all, the 
exhibitors will total over 400. Mr. I. EK. Moultrop of the Edison 
Illuminating Co. of Boston is chairman of the Advisory Board 
and the managers of the Exposition are Charles F. Roth and Fred 
W. Payne, International Exposition Company, Grand Central 
Station, to whom all inquiries should be addressed. 


New York Electrical Society Develops a 
Neglected Field 


ELECTS OFFICERS FOR 1926-27 

At the annual meeting of the New York Electrical Society 
held on the afternoon of June 14, 1926 at Institute headquarters, 
33 West 39th Street, the retiring President of the Society, H. A. 
Kidder, Superintendent of Motor Power, Interborough Rapid 
Transit Company, called attention to the much broadened aim 
and scope of the New York Electrical Society as instanced in its 
work during the past year. He outlined the new policy, as 
follows: “To interpret to thinking people the newest things in 
discovery and science; to present in its meetings the latest 
achievements in the art and in industry; to acquaint the public 
with the proper status of teachers, scientific workers and engineers, 
and with the social value of their work.’’ The determined at- 
tempt to shape the work of the Society in the direction indicated 
has been marked with rapid and increasing success. Attendance 
at meetings has jumped to an average of approximately 850. 
Through popularization, the meetings have evidently gained 
greatly in favor with those within the industry. It is felt that 
such work as the New York Electrical Society is trying to do, 
should be done nationally, for if accomplished it would con- 
stitute an important and valuable public service. The better 
people understand the nature of scientific and industrial research 
and the nature and social value of the work of the engineer, the 
greater will be the resources at the command of such workers. 

The plans for the fall meetings are still tentative. One of 
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particular interest, which is sure to be held, will be a demon- 
stration of ‘Synchronized Talking Motion Pictures and Music” 
with popularized explanation of the process of development and 
operation. 

The following officers were elected for the administrative year 
1926-27: President, S. P. Grace, Commercial Development Engi- 
neer, Bell Telephone Laboratories, Inc.; Vice-Presidents; E. E. 
Dorting; Lighting Engineer, Interborough Rapid Transit Co.; 
Dr. EK. E. Free, Consulting Engineer, J. P. Alexander, Sales 
Engineer, General Electric Co.; Treasurer, David Darlington, 
Assistant Treasurer, New York Edison Co.; Secretary, H. EH. 
Farrer. 


Automotive Engineers to Discuss 
Aircraft Progress 


Three technical sessions, an inspection trip to the Naval Air- 
craft Factory and an Aeronautic Banquet will be the attractions 
at the annual aeronautic meeting of the Society of Automotive 
Engineers, to be held in Philadelphia on September 2 and 3 at 
the Bellevue-Stratford hotel. This meeting immediately 
precedes the National air races to be run in Philadelphia consec- 
utively from September 4 to 11. 

In view of the great amount of night flying that is now being 
done and that will increase greatly in the future, a joint address 
on equipment and methods for illumination of air routes, to be 
presented at the same session by C. T. Ludington, of the B B T 
Corporation, and H. C. Ritchie, of the General Electric Co., will 
be of much interest. 

Direction finding by radio in an airplane is a recent develop- 
ment of prime importance, particularly when the landscape is 
obscured by darkness, fog or storms. The remarkable advance- 
ment that has been made in the practical application of direc- 
tional radio to air transport will be described by Lieut. L. M. 
Wolfe and Capt. W. H. Murphy, of the Air Service radio labora- 
tory at McCook Field, Dayton, O. 
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Doctor Charles M. Upham Receives 
New Appointment 


The engineering world will be interested in the announcement 
that Charles M. Upham, who, for five years was North Carolina’s 
Chief Highway Engineer, has tendered his resignation 
effective June ist, and will shoulder the duties of Managing 
Director of the American Road Builders’ Association, and in 
addition, accept a few connections as consulting engineer, among 
them, the reorganization of the construction division of the 
Mexican Federal Highway Commission, he already having re- 
organized the engineering section. 

Doctor Upham received two degrees from Tufts College and a 
third from the North Carolina State University. He is Director 
of the Highway Research Board of the National Research Council, 
Vice-President of the National Traffic Association, President of the 
North Carolina Society of Civil Engineers, Member of Concrete 
Institute, Permanent International Association, of Road Con- 
gresses and other engineering and highway organizations. 


The John Ericsson Medal Award 


The first award of the John Ericsson gold medal was made to 
Doctor Svante Arrhenius on the evening of May 29th at the 
Hotel Willard, Washington, D. C. This was following the 
unveiling of the memorial Ericsson Statue on the Mall at which 
the Swedish Crown Prince, Princess Louise, President Coolidge 
were present, besides many other distinguished international 
figures. 
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Graduate Instruction in the Moore School 


Beginning with the academic year 1926-27, graduate instruction 
will be offered in the Moore School of Electrical Engineering, 
with the degree of Master of Science in Electrical Engineering. 

A prescribed course will be offered, the purpose of which is to 
prepare young men for engineering research or for teaching. The 
course includes the following subjects: Introduction to Mathe- 
matical Physics, Advanced Mathematics for Engineers, Ad- 
vanced Electric Cireuit Theory, Electron Theory and its En- 
gineering Applications, and a Thesis. 

To be admitted to this graduate course, the applicant must 
have completed with credit an undergraduate course in Electrical 
Engineering substantially equivalent to that given in the Moore 
School. 

In order to encourage students who are properly qualified to 
add a fifth year to their University training, four graduate 
fellowships are offered. Hach fellowship carries free tuition 
and a cash stipend of $500, payable in equal installments, 
October 1 and February 1. Applications for these fellowships 
should be addressed to the Dean, Moore School of Electrical 
Engineering, University of Pennsylvania, Philadelphia, Pa. 
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Tuos. W. Woorron has resigned from the Adirondack Power 
and Light Corporation of Schenectady, N. Y., and is now located 
in the engineering department of the Duquesne Light Company, 
Pittsburgh, Pa. 

R. L. McLeiuan, managing director of the Cia Westinghouse 
Electric Internacional, S. A., of Argentine, has recently been 
elected presidént of the United States Chamber of Commerce 
in Argentine. 

W. R. Wuirney, director of the research laboratory, and 
E. F. W. Alexanderson, consulting engineer who gained 
international fame with his radio inventions and developments, 
were awarded the honorary degree of doctor of science on Mon- 
day, June 14, Dr. Whitney at Syracuse University and Mr. 
Alexanderson at Union College. 

Anson W. Burcuarp, chairman of the board of directors of the 
International General Electric Company and vice-chairman of 
the General Electric Company, recently received the degree of 
doctor of laws from Union College. 

W. J. Fosrmr, consulting engineer of the General Electric 
Company, had the honorary degree of doctor of science conferred 
upon him by Williams College at its commencement exercises 
on Monday, June 21. Mr. Foster, an alumnus of Williams 
College, took graduate work at both Willams and Cornell. 
With the General Electric Company he has specialized in alter- 
nating-current apparatus design. 

Homer Crypr Snook, a fellow of the Institute, has just re- 
ceived the degree of Doctor of Science from Ohio Wesleyan 
University. Doctor Snooks has been referred to as “originator 
of many fundamental patents in X-ray and wireless inventions; 
organizer of electrical manufacturing companies; holder of the 
Edwards Longstreth Medal of the Franklin Institute; staff 
engineer, Bell Telephone Laboratories, New York; gifted with 
insight and technical proficiency to have rendered in scientific 
fields a service of high order.” 


Obituary 

Rudolf Schmolck, who was enrolled as an Associate of the 
Institute during the year 1925, died May 5, 1926,in Chicago. Mr. 
Sehmolek was born in Germany in 1892, and was educated at 
the University of Heidelberg and the University of Berlin. 
Since December 1923 he had been employed by the Automatic 
Electric Co. of Chicago as a research engineer. 

Olin J. Emmons died at his home in Elgin, Illinios, on the 9th 
of May. For ten years he had been an Associate of the Institute. 
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Mr. Emmons received his electrical education at the University 


of Iowa, where he took the B. S. degree in 1907 and the E. E. 


in 1914. At the time of his death he was a wire chief at the 
Chicago Telephone Co. 

Benjamin T. Viall, chief electrician for the Sunnyside Mining 
and Milling Co. at Eureka, Colorado, died at Silverton, Colorado, 
Feb. 3, 1926. Mr. Viall was born in 1873, and was graduated 
from Leland Stanford University in 1900. After three years 
spent with the General Electrie Co. and the Edison Electrie Co. 
he went with the Los Angeles Traction Co. in 1903. The same 
year he became an Associate of the Institute. 


Charles W. Schaifer died in Schenectady, N. Y., on the 4th 
of April. For eleven years he had been in charge of the section 
handling ‘Special Testing of Electrical Machinery and De- 
vices” in the General Engineering Laboratory of the General 
Electric Co. Mr. Shaifer was a graduate of the Agricultural 
and Mechanical College of Missippi of the class of 1912, and an 
Associate of the Institute since 1925. 


Charles Griffith Young, Fellow of the Institute, died sud- 
denly in Porto Rico, June 16, while there on a professional 
engagement. Mr. Young was born at Bath, Steuben County, 
New York, November 1, 1866. He attended the Haverling 
Academy there, taking special courses on technical subjects 
under private tutelage. His first work in the field was with the 
Schuyler Electric Company, of Hartford and Middletown, Conn., 
with whom he took an expert course in their every deparment 
during a two years’ period. In 1887 he became general super- 
intendent and electrician for the Mount Morris Electric Light 
Company, New York City, remaining with them until 1892, 
when he was chosen construction manager for the White-Crosby 
Company and the J. G. White Engineering Co., with foreign 
and domestic practise. Under his direction and operation of 
public utilities and construction engineering, over 2000 miles 
of electric railways were built in this and other countries. Mr. 
Young specialized upon investigations of professional under- 
takings, both proposed and actual, ultimately leading into 
the development of his own company, The C. G. Young Co., 
Inc., of which he was president. His engineering work ex- 
tended over a wide range,—Canada, South America, Central 
America, China, Japan, and the Phillippines, New Zealand, 
Australia, Siberia and several of the European countries. He 
joined the Institute as an Associate in 1889, but in 1913 was 
transferred to the grade of Fellow. He was a respected and 
active member of the National Electric Light Association, the 
New York Electrical Society, the American Electric Railway, 
Transportation and Traffic Association, the American Electric 
Railway Engineering Association, Associate Member of the 
American Society of Civil Engineers, member of the Pan Ameri- 
ean Society, the Pan American Chamber of Commerce, the 
Steuben Society, beside belonging to the Engineers’ Club, the 
Railway Club, the Indian House Club and the Cirecumnavigators. 
He was the author of a paper of technical worth entitled, 
“Logical Basis for Valuations.” This, besides being reprinted in 
separate pamphlet form, was published in the Electric Traction 
weekly of Jan. 21, 1911. Mr. Young had been three times 
around the world. 


A. R. Rivet, an Associate of the Institute since 1903, died the 
23rd of May in St. Louis, Mo. He was a former editor of the 
Electrical Era, a monthly published in that city, and at the time 
of his death was financial and commercial editor of the Sé. 
Louis Globe-Democrat. Mr. Rivet had had much practical 
electrical experience. He was born at Florissant, Mo., and for 
over a year was connected with the Municipal Electric Lighting 
Co. there, having charge of the contracting and estimating of 
cost of erection of Commerical Are Lamps. He also was in 
charge of the motor department of the General Electric Co. in 
that city for about a year. For several years, he served as 
expert in the purchase of electrical machinery for isolated 
plants and was considered a valuable authority by all employing 
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his services. Mr. Rivet was an inveterate student and in his 
personal library he had all volums of the Electrical World for 15 
years back and the Street Railway Journal for ten years. 


George D. Shepardson, member of the Institute and head 
of the Electrical Engineering Dept. of the University of 
Minnesota died at Florence, Italy, of pneumonia, May 26. 
He left last spring for a trip around the world on a sabbatical 
leave of absence until next September. 

Prof. Shepardson was born November 20, 1864 at Cincinnati 
Ohio. He attended the Granville Ohio High School and gradu- 
ated from Denison University 1885 A. B. and A. M. 1888, special- 
izing in Latin, Greek, German and French. He _ received 
his degree of Mechanical Engineer from Cornell in 1889. 
During his other sabbatical year in 1912, he received a degree of 
Doctor of Science from Harvard. One of his hobbies was the 
collectiong of old forms of lighting devices. While on his trip he 
had already gathered a number of primitive and ancient lamps of 
various designs for the museum of the Electrical Engineering 
Department of the University. These are now lying in bond in 
Minneapolis. 

Prof. Shepardson has taught at the Young Ladies Institute at 
Granville, Ohio, Cornell University and since 1891 until his death 
has been Head of the Department of Electrical Engineering at 
the University of Minnesota. During the period of his profes- 
sorship at the University of Minnesota the department has 
grown from almost nothing to a point where it is the largest in the 
College of Engineering, graduating 80 senior electrical engineers 
this spring and now housed in a new building costing $375,000. 

Prof. Shepardson was a very prolific writer, having published 
more than 125 technical articles, inaddition to several books, one 


of the latter “Elements of Electrical Engineering”’ for now being 


used in several colleges as a textbook for s »phomore electrical 
engineers. 

He was a member of a number of technical societies, among 
them the Society for the Promotion of Engineering Edueation, 
American Association for the Advancement of Science. 


John J. Flather, head of the Department of Mechan- 
ical Engineering at the University of Minnesota and Associate 
of the Institute, died suddenly on May 14th at his home in 
Minneapolis. 

Professor Flather was born at Philadelphia, June 9, 1862. 
He was educated in private schools in Scotland, at the High 
School in Bridgeport, Conn., and at the Sheffield Scientific 
School, Yale University, from which he was graduated in 1883. 
He took graduate studies at Yale, Cornell and the University 
of Edinburgh, receiving his Ph. B. from Yale in 1885 and his 
M. M. E. from Cornell in 1890. His early practical experience 
covered a full machinist’s apprenticeship in various New 
England shops, ineluding Flather & Co., Nashua, N. H.; he 
served also as foreman at the Ansonia Hlectrie Supply Co. and as 
superintendent for the Hotchkiss Mfg. Co. In 1888 he 
became instructor in Mechanical Engineering at Lehigh Uni- 
versity, remaining there for three years, followed by seven 
years at Purdue University. In 1898 he became Professor 
of Mechanical Engineering at the University of Minnesota, where 
he remained until the time of his death. He was a prolific 
writer, and his consulting work covered some import engi- 
neering projects of the Northwest, including municipal 
water works, electric light plants, factories and power plants. 
He entered the research field in 1888 investigating gas and 
combustion performances with natural gas, artificial gas, gasoline 
and kerosene power for machinery drive; also locomotive tests, 
train resistance tests, rope, belt and gear drive, refrigeration 
and many other fields of engineering interest. He joined the 
Institute in 1892 and was also a member of the Society of Indus- 
trial Engineers, the American Association of University Pro- 
fessors, the Minneapolis Engineers’ Club, the Newcomen Society 
of London, the Authors’ Club and the honorary societies of Sigma 
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Xi, Tau Beta Pi and Pi Tau Sigma. He was secretary and vice- 
president of Section D of the American Association for the 
Advancement of Science and served as treasurer and vice-presi- 
dent to the Society for the Promotion of Engineering Education. 


Addresses Wanted 


A list of members whose mail has been returned by the postal 
authorities is given below, together with the addresses as they 
now appear on the Institute records. Any member knowing the 
present address of any of these members is requested to com- 
municate with the Secretary at 33 West 39th St., New York, 
NEE 

All members are urged to notify the Institute Headquarters 
promptly of any change in mailing or business address, thus 
relieving the member of needless annoyance and also assuring 
the prompt delivery of Institute mail, the accuracy of our mailing 
records, and the elimination of unnecessary expense for postage 
and clerical work. 


1.—J. Roy Barclay, 3424 Harrison, Kansas City, Mo. 
2.—I. V. Beall, Wright Hotel, 4th & Hinkson Sts., Chester, Pa. 
3.—Reynolds Bellows, 28 East 39th St., New York, N. Y. 
4.—William A. R. Brown, c/o Radio Corp. of America, 33 
West 42nd St., New York, N. Y. 
5.—Aleck. Burk, ee Lempert, 1827 Wilkins Ave., ‘New York 
Nee 
6.—J. F. Clinton, 3682 Broadway, New York, N. Y. 
7.—A. G. Corbin, 753 Crescent Ave., Buffalo, N. Y. 
8.—HughDenehy,The Inst. of Elect, Engrs., Savoy Pl., Victoria 
Embankment, London W. C. 2, Eng. 
9.—John P. Flood, 414 No. Iowa Ave., Eagle Grove, Iowa. 
10.—John Fowler, 25 Bettswood Rd., Norwalk, Conn. 
11.—Clyde D. Grim, 623 Chestnut St., Reading, Pa. 
12.—Frank I. Grover, 1831 E. 82nd St., Terrace, Kansas City, 
Mo. 
13.—Stephan G. Guth, 419 Hampton Ave., Wilkinsburg, Pa. 
14.—A. R. Henry, 633 Coristine Bldg., 20 St. Nicholas St., 
Montreal, Que, Can. 
15.—Wilham A. Hiney, Colonial Apts., Media, Pa. 
16.—J. W. Hopkins, 186 E. 3rd St., Keyport, N. J. 
17.—Niels K. Knudsen, N. Y. Edison Co., 44 E. 23rd St., 
New York, N. Y. 
18.—Alexander Knut, 11th Ave. & 17th St., New York, N. Y. 
19.—F. A. Lindlof. 610 So. Spring St., Los Angeles, Calif. 
20.—Charles Wm. Lucek, 1454 First Ave., New York, N. Y. 
21.—Shu-Sing Man, 541 West 124th St., New York, N. Y. 
22.—Irving Menschik, 48 W. 4th St., New York, N. Y. 
23.—Arthur R. Michaelson, Mezzine Dv., Cresskill, N. J. 
24.—Erwin H. Mitchell, 481 6th St., Brooklyn, N. Y. 
25.—Daniel T. Morgan, Power, W. Va. 
26.—Jose P. Ortiz, 23rd St. & 4th Ave., New York, N. Y. 
27.—Olof E. Permanson, 44 BH. 23rd St., New York, N. Y. 
28.—J. C. Peterson, 5125 Kimbark Ave., Chicago, Ill. 
29.—Chester A. Raymond, 131 W. 17th St., Erie, Pa. 
30.—Irving T. Roberts, 2355 Prairie Ave., Evanston, III. 
31.—Wm. D. Robinson, Sterro-Woolley, Wash. 
32.—Car] Russell, Albers Apt. G., Chehalis, Wash. 
33.—W. J. Strieby, 104 Broad St., New York, N. Y. 
34.—Herbert S. Summers, Standard Oil Co., of N. Y., Sofia, 
Bulgaria. 
35.—O. G. Utt, 4738 Oak St., Kansas City, Mo. . 
36.—Albert C. Weyandt, 120014 Negley St., Farrell, Pa. 
37.—C. A. Winder, Southern Equipment Co., San Antonio, Tex. 
38.—Flavel M. Williams, 106 So. Elliott St., Brooklyn, N. Y. 
39.—Fred Willoughby, Jr., 500 West 111th St., New York, N. Y. 
40.—W. H. Wilson, 13 Westminster Ave., East Park Hull, 
England. 
41.—W. G. Withington, Commercial Nat’l Bank Bldg., Wash- 
ington, D.C. 
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ab ANNA 


Engineering Societies Library 


AUP UUACUUUUACUCT ERLE OUST UATE UCU eee 


_ The library is a cooperative activity of the American Institute of Electrical Engineers, the American Society of 
Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechan- 


ical Engineers. 
library of engineering and the allied sciences. 
most of the important periodicals in its field. 
ninth St., New York. 


It is administered for these Founder Societies by the United Engineering Society, as a public reference 
It contains 160,000 volumes and pamphlets and receives currently 
It is housed in the Engineering Societies Building, 29 West Thirty- 


In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library is 
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance. 


Charges sufficient to cover the cost of this work are made. 


The Library maintains a collection of modern technical books which may be rented by members residing in North 


America. 


A rental of five cents a day, plus transportation, is charged. 


The Director of the Library will gladly give information concerning charges for the various kinds of service to 
those interested. In asking for information, letters should be made as definite as possible, so that the investigator may 


understand clearly what is desired. 


The library 1s open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except during 


July and August when the hours are 9 a. m. to & p. m. 


BOOK NOTICES MAY 1-31, 1926 


Unless otherwise specified, books in this list have been pre- 
sented by the publishers. The Society does not assume respon- 
sibility for any statement made; these are taken from the preface 
or the text of the book. 

All books listed may be consulted in the Engineering Societies 
Library. 

ALTERNATING CURRENTS. 

By Carl Edward Magnusson. 
Hill Book Co., 1926. 
cloth. $5.00. 


A textbook based on the course given in the University 
of Washington. The aim has been to aid the student to gain 
clear concepts of what takes place in alternating-current 
machinery, to explain the relations between the factors involved 
and to explain the physical facts in mathematical forms in such 
a manner that the student shall understand the equations and 
be able to use them in the solution of industrial problems. The 
new edition has been thoroughly revised. 

Aus Dem Retcu pER TECHNIK. 

By Max Maria von Weber. Berlin, V. D. I. Verlag, 1926. 

188 pp., port., 8x 6in., cloth. 7,-r. m. 


This collection of stories, long out of print, is now reissued by 
the press of the Verein deutscher Ingenieure. Weber was born 
in 1822 and died in 1881. He was educated as an engineer and 
spent his life in railroad service in Germany and Austria. He is 
best known, however, for his stories, which unite technical 
knowledge and poetic ability in an unusual degree. Those here 
reproduced are based on various incidents of railroad operation. 
Through them all runs a desire to arouse pride in his vocation 
in the railroad employer and to show the public the importance to 
national prosperity of the engineer and the mechanic. 
AUSSENDUNG UND EmMprana ELEKTRISCHER WELLEN. 

By Reinhold Rtdenberg. Berlin, Julius Springer, 1926. 
67 pp., diagrs., 9x 6in., paper. 3,90 r. m. 

There are many books on the action of radio sending and 
recelving mechanisms, but theve is not a great deal available on 
the mechanism of the wave passage from sender to receiver. 
In this little book the interaction between the currents and volt- 
ages in the stations and the electromagnetic waves flowing be- 
tween them is consideved, together with the problem of wave 
propagation in the intervening medium. The discussion is 
confined to undamped waves. 


3rd edition. N. Y., MceGraw- 
611 pp., illus., diagrs., tables, 9 x 6 in., 


CoRROSION; CAUSES AND PREVENTION. 

By Frank N. Speller. N. Y., McGraw-Hill Book Co., 1926. 
621 pp., illus., diagrs., tables, 9x 6in., cloth. $6.00. 

An important reference work for all who are interested in any 
of the many phases of the problem of corrosion, combined with 
a handbook of practical preventive methods of interest to engi- 
neers and architects. 

Part one treats of general principles. After an explanation 
of the nature and mechanism of corrosion and of the theories 
advanced to explain it, the author discusses the influence of 
methods of manufacture and treatment, of composition and of 
external factors on corrosion. The principles and methods of 
testing are then described and a chapter is devoted to the ques- 
tion of the relative corrodability of the various ferrous metals. 


Part two discusses measure for preventing corrosion under 
various service conditions. Corrosion in the air, under water or 
under ground, corrosion in hot water systems and in steam 
plants and corrosion caused by chemicals or electric currents are 
discussed at length. Many references to other work are given 
in the notes and bibliography. 

Dr. Speller’s long study of the subject has enabled him to 
write a book of great value to all engineers. 

Din DRAHTSEILBAHNEN. 

By P. Stephan. 4th edition. Berlin, Julius Springer,1926. 
572 pp., illus., plates, 9x 6 in., cloth. 33,-m. k. 

A detailed descriptive work on aerial ropeways and cableways, 
and telphers. The book is written from the point of view of the 
user rather than the manufacturer. 

After a brief historical introduction, the various elements of 
ropeways (cables, supports, cars, stations, safety devices, etc.) 
are described. Examples of the use of ropeways as mountain 
railways and industrial conveyors, in mines, harbors and mills 
are then given, after which special types, such as gravity rope- 
ways, single-cable ways, passenger ropeways and cableways are 
discussed. Economic and legal matters are then taken up, 
followed by a chapter on eczection and operation. The types 
described are those now manufactured in Germany. 


Eruics or BusINEss. 
By Edgar L. Heermance. N. Y., Harper & Bros., 1926. 
244 pp., 8x6in., cloth. $2.00. 5 


Standards of business conduct, sometimes unwritten, some- 
times expressed in definite codes, have been developing during 
the past quarter-century until today, Mr. Heermance believes, 
the average American merchant of the better class is probably 
more ethical than his patrons. In this book he presents these 
standards and the reasons for them, giving a useful picture 
of the development of business ethics in the United States. 
The author also intends his book as an introduction to social 
ethics, and therefore makes certain generalizations and inter- 
pretations of the ethical process in trade associations, as a con- 
tribution to ethical theory. 

INDUSTRIAL STOICHIOMETRY. 

By Warren K. Lewis and Arthur H. Radasch. N. Y., Me- 
Graw-Hill Book Co., 1926. (Chemical Engineering Series). 
174 pp., diagrs., tables, 9 x 6in., cloth. $2.50. 

While the chemist is always taught the use of stoichiometric 
methods of computing quantitative analyses, he frequently is not 
trained to use them in industrial work. This textbook is de- 
signed to familiarize the beginner with correct methods for the 
quantitative interpretation of data in industrial work by a 
detailed presentation of typical cases of industrial processes, such 
as the operation of gas producers, lime burning, kiln and furnace 
design, plant design, sulfur burning, and iron smelting. 
InsuLaTEeD Evecrric Casurs, v. 1; Materials and Design. 

By C. J. Beaver. N. Y., D. Van Nostrand, 1926. 264 pp., 
illus., diagrs., tables, 10 x 7 in., cloth. $11.00. 


Intended to supplement recent publications about insulated 
cables, which are chiefly devoted to their electrical properties, 
by a statement of the principles that underlie their design and 
manufacture. These, the author says, have not been compre- 
hensively treated in any previous work. 

The present half of the work discusses the materials—metals, 
insulants and protective substances—, the design of conductors, 
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the design and properties of dielectrics, and the factors in voltage 
rating. The second volume will treat of manufacture and 
installation. 

JAHRBUCH DER HLEKTROTECHNIK . 1924. 

Edited by Karl Strecker. Mun. u. Ber., R. Oldenbourg, 1926. 
269 pp., 10x 7in., paper. 14,20 mk.; bound, 15,40 mk. 

A digest of over five thousand articles on electrical engineer- 
ing which were published in some two hundred periodicals during 
1924. The digests are the work of specialists and give a valuable 
summary of advances in each line, conveniently arranged for 
reference use. Machine design, power transmission and dis- 
tribution, power plants, lighting, railroads, electric driving and 
other industrial uses of electricity, primary and secondary 
batteries, electrochemistry and electrometallurgy, telegraphy, 
telephony, signaling, electrical measurements and_ scientific 
investigations are included in the book. References are given 
to the original papers and author and subject indexes are supplied. 


New View or Surrace Forces; A CoLLecrioNn OF THE SCIEN- 
TIFIC PAPERS OF WILSON TayLor. Toronto, Univ. of Toronto 
Press, 1925. 240 pp., illus., diagrs., tables, 9 x 6 in., cloth. 
A Memorial Volume. Price not quoted. 


When the author died, in 1923, after four years of research in 
physics, he left a number of papers, chiefly upon surface tension 
and molecular physics. Those here printed discuss the coales- 
cence of liquid spheres and the law governing it, cohesion and 
adhesion in liquids and solids, the potential energy of free mole- 


cules, ete. One paper is devoted to flotation oils and their mode 

of action. 

Dr ONTWIKKELING VAN DE ELECTRICITEITSVOORZIENING VAN 
NEDERLAND. 1925. 


By Vereeniging van Directeuren van Hlectriciteitsbedrijven in 
Nederland. Amsterdam, P. N. Van Kampen & Zoon, 1926. 
568 pp., illus., maps, 11x9 in., cloth. 25 guilders. (This 
volume can be supplied by the Central Bureau of the Associa- 
tion, Maastricht, Breedestraat 11, at the price quoted). 

In commemoration of its tenth anniversary, the Association of 
Managers of Electricity Supply Works in the Netherlands has 
issued this handsome volume. It contains elaborately illustrated 
accounts of the service provided by the utilities controlled by 
members of the Association, which furnish practically the entire 
electrical supply of the country. In addition to deseriptions of 
equipment, service, ete., detailed statistics and maps are in- 
cluded, so that the book is a complete presentation of the develop- 
ment of electricity supply in the Netherlands. 

RaIbway ENGINEERING AND MAINTENANCE CyCLOPEDIA. 2nd 
edition, 1926, [of Maintenance of Way Cyclopedia]. 
N. Y., Simmons-Boardman Publ. Co., 1926. 1072 pp., 
illus., 12x 9 in., cloth. $8.00. 

The Cyclopedia is a convenient, authoritative assemblage of 
information on current practise in the engineering and mainte- 
nance of railroad track, bridges, buildings, water service and 
signals. This information is arranged in sections, each of which 
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SECTION MEETINGS 


Atlanta 
Developments* of the Columbus Electric and Power Company, by 
R. M. Harding. November 6. Attendance 60. 

The Trafic Problem in Atlanta, by P. S. Arkwright, Georgia 
Railway and Power Co. January 18. Attendance 10. 
Recent Developments in the Manufacture of Chemical Fiber, by 

F. H. Griffith, The Viscose Co., and 
Cellucose, by R. C. Dort, the American Cellucose and Chemical 
Co. March 18. Attendance 27. 
Ceramics, by A. V. Henry, Georgia School of Technology. 
22. Attendance 17. 
Baltimore 


Radio Broadcasting Station, Consolidated Gas and Electric Com- 
pany, by F. A. Fallon, and 


Radio Equipment, by P. M. Rainey, Graybar Electric Co. 
ary 15. Attendance 65. 
Mercury-Arc Rectifier as Applied to Power Development, by H. D. 


Brown, General Electric Co. Illustrated with slides. 
February 19. Attendance 90. 


April 


Janu- 


INSTITUTE AND RELATED ACTIVITIES 


Past Section and Branch Meetings 
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Journal A. I. H. E. 


discusses the work of one of these branches. A general section 
cares for matters of interest to all. A dictionary of terms gives 
convenient definitions and serves as an index. Condensed cata- 
logs of manufacturers are included. The sections were edited by 
a number of specialists actively engaged in railroading. 


S. A. E. Hanpsoox, March 1926. N. Y., Society of Automotive 
Engineers, 1926. Various paging, diagrs., tables, 7 x 4 in., 
fabrikoid. $2.50 to members. $5.00 to non-members. 


The standards and recommended practises of the Society of 
Automotive Engineers, some six hundred in number, have been 
revised and published in a bound volume of convenient pocket 
size, replacing the former data sheets supplied to its members. 
The contents are divided into sections relating to the power, 
plant, lighting, electrical equipment, parts and fittings, materials, 
transmission, axles and wheels, tires, frames, ete. Revisions are 
to appear twice each year hereafter. 


TECHNISCHES WORTERBUCH DES 
ScuHIrFBAUES, v. 2; Englisch-Deutsch. 

By Erich Krebs. 2nd edition. Ber. u. Lpz., Walter de 
Gruyter & Co., 1926. ~163"pp., 6x 4 in; cloth. 1,50'r im: 

A convenient English-German pocket dictionary of technical 
terms used in mechanical engineering and naval architecture. 
Apparently includes all the principal terms, with satisfactory 
equivalents, and is remarkably cheap. 

La TrLtepHoNr AUTOMATIQUE. 

By H. Milon. Paris, Gauthier-Villars et cie, 1926. 414 pp., 

illus., plates, 10 x 7in., paper. 90 fr. 


A concise textbook on automatic telephony, prepared espe- 
cially for French students. Theauthoromits any history of the 
development of the apparatus and confines himself, after giving 
an outline of the essential characteristics of the different systems, 
to a detailed account only of those in use in France. These 
include the Automatic Electric, the Thomson-Houston, the 
Siemens and Halske, the Western Electric and several semi- 
automatic systems. Data for the design of installations are 
given. ’ 

THEORY AND PRACTISE OF ALTERNATING CURRENTS. 

By A. T. Dover. Lond. & N. Y., Isaac Pitman & Sons, 1926. 
589 pp., illus., diagrs., 9x 6in., cloth. $5.00. 

Devoted to general principles, circuits, polyphase systems, 
non-sinusoidal wave-forms, the magnetization of iron, instru- 
ments, measurements, and an elementary treatment of the 
initial conditions in the simpler electric circuits. Intended for 
use as a College text, introductory to the study of alternating- 
current machines and apparatus, it treats these principles on a 
broader basis than some textbooks do. Among the special 
features are an extended application of the circle diagram to 
series, parallel series-parallel circuits; the reduction of the general 
circuit to its equivalent series-parallel form and the development 
of a load diagram therefor; the calculation of currents in un- 
balanced polyphase circuits; and the theory of the principal 
types of measuring instruments. 
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Mechanical Power and Trend of Civilization, by C. E. Skinner, 
Westinghouse Electric and Mfg. Co. March 19. At- 
tendance 110. 


Automatic Testing of Watt Hour Meters, by J. S. Cruickshank, 
Consolidated Gas, Electric Light and Power Co., and 

Maintenance and Care of Storage Batteries, by A. Albaugh and 
F. Fried, Consolidated Gas, Electric Light and Power Co. 


April 16. Attendance 87. 
Annual Banquet. Joint with A.S.M. E. April 29. Attend- 
ance 156. 


Boston 
Business Meeting. Election of Officers. 
meeting. May 18. Attendance 238. 
Cincinnati 


Research, by Dean Herman Schneider, University of Cincinnati 
Illustrated with slides. May 20. Kitendanite 216. wae 


Cleveland 


Mental Attitude, by Dr. M. I. Pupin,, National President 
A.I.E.E. May 18. Attendance 100. wee 


Banquet preceded the 
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Connecticut 


Fatigue Prevention is Accident Prevention, by Dr. H. W. Haggard, 
Yale University. The following officers were elected: 
Chairman: A. K. Knowlton; Secretary-Treasurer, R. G. 
Warner. May 19. Attendance 40. 


Denver 


The Changing Status of the Engineer, by Dr. F. B. Jewett, Ameri- 
can Telephone and Tel egraph Con ihe following officers 
were elected: Chairman, W. H. Edmunds; Vice-Chairman, 
A. L. Jones; Secretary-Treasurer, Ie IBY: Bonney. May 28. 
Attendance 500. 


Erie 
Talk by Giuseppe Faccioli, General Electric Co., on a trip 
through Europe in a "machine, with special reference to 
engineering conditions. The following officers were elected: 
Chairman, F. A. Tennant; Secretary, L. He Cuntiss. iia: 
ZiSy. Attendance 94. 


Ithaca 
The Social and Economic Aspects of Niagara Falls, by W. K. 
Bradbury, Niagara Falls Power Co. Illustrated with slides 
and motion pictures. A dinner preceded the meeting. 
May 7. Attendance 125. 


Lehigh Valley 
Oil Switches, by Wm. S. Edsall, Condit Electric Mfg. Co., and 


Application of the Electric Motor to Steel Mills, by G. BE. chad 
Westinghouse Electric and Mfg. Co. A dinner preceded 
the meeting. April 23. Attendance 135. 


Lynn 
Street and Highway Safety, addresses by Dr. George W. Haywood, 
President of Lynn City Council; Hon. Ralph S. Bauer, 
Mayor of Lynn; Deputy- Commissioner Good of Boston; 
CHAR B: Halvorson, General Electric Company, and S. C. 
Rogers, Street- Lighting Department, Lynn. June 3. 
Attendance 150. 


Madison 


A talk was given by D. W. Mead, University of Wisconsin, on 
some of his experiences in building hydro-electric plants. 
The following officers were elected: Chairman, 
Kallevang; Secretary, H. J. Hunt. May 26. 
ance 24. 


Attend- 


Milwaukee 
The Inadequacy of American Patent and Trade-Mark Protection, 
by R.S. Hoar, The Bueyrus Co. May19. Attendance 100. 
Minnesota 
Attendance 61. 


Nebraska 
Long Distance Telephone Transmission—Fifty Years of Progress, 
by A. F. Rose, American Telephone and Telegraph Co- 
Demonstrated. May 12. Attendance 85. 


Pittsfield 
Street and Highway Safety—addresses by W. A. Whittlesey, 
engineer of the Pittsfield Electric Co., and Chief of Police 
John L. Sullivan. May 27. Attendance 150. 


Portland 
Manual, Supervisory and Automatic Control, by Albert Kalin, 
Westinghouse Electric and Mfg. Co. motion picture, 
entitled ‘‘From Mine to Consumer,’’ was shown. May 1 
Attendance 85. 


Dinner Dance. May 11. 


Rochester 
A motion picture, entitled ‘‘The Yoke of the Past,’’ was shown. 
The following officers were elected: Chairman, ISee (Gres 
Karker; Vice-Chairman, R. G. Thompson; Secretary- Treas- 
urer, J. R. Clark. May 7. Attendance 40. 


San Francisco 

Elements of Transmission-Line Stability Problems, by A. W. 
Copley, Westinghouse Elec. & Mfg. Co., and Roy Wilkins, 
Pacific Gas and. Elee. Co. <A dinner preceded the meeting. 
May 28. Attendance 80. 

Supervisory Systems for Control and Indication, by C. HK. Stewart. 
Illustrated with motion pictures and ‘slides. June 3. 
Attendance 58. 

Sharon 

Mechanical Power and the Trend of Civilization, by C. E. Skinner, 
Westinghouse Electric and Mfg. Co. The following offivers 
were elected: Chairman, H. L. Cole; Secretary-Treasurer, 
L.H. Hill. Junel. Attendance 75. 


INSTITUTE AND RELATED ACTIVITIES 
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Springfield 

Hlectric Time Equipment, by G. F. Harter, The Standard Hlectric 

Time Co. May 24. Attendance 45. 
Syracuse 

Radio and Interference, by E.. P. Peck, Utica Gas and Electric Co. 
March 8. Attendance 175. 

Developments in Radio Wave Propagation, by EK. F. W. Alexander- 
son, Radio Corporation of America. March 29. Attend- 
ance 225. 


Engineering Mechanics at the Bureau of Standards, by L. B. 
Tuckerman. April 12. Attendance 195. 
Toledo 
Inspection trip to the Toledo Furnace Company. May 19. 


Attendance 32. 


Urbana 

Business Meeting. The following officers were elected: Chair- 
man, J. T. Tykociner; Secretary-Treasurer, L. B. Archer. 
May 12. Attendance 12. 

Utah 

New Electrical Developments, by A. L. Jones, General Electric Co. 

Illustrated with shdes. May 26. Attendance 40. 
Vancouver 


The following officers were elected: Chair- 
Secretary, C. W. Colvin. June 1. At- 


Annual Meeting. 
man, R. L. Hall; 
tendance 46. 


BRANCH MEETINGS 


Alabama Polytechnic Institute 
The Oscillograph, by Prof. J. A. Douglas. Mr. W. B. Fish also 
gave a demonstration of a Dudell-type machine. May 12. 
Attendance 14. 
University of Arizona 
Business Meeting. April 17. Attendance 11. 


The Orthophonic Reproduction of Sound, by Dr. Earl Warner. 
Motion pictures, entitled ‘ ‘Electric Transmission of Speech,”’ 


and ‘‘The Single Ridge Method,”’ were shown. April 24. 
Attendance 24. 

Rectification of Alternating Current, by R. O. Wright; 

Teatile Engineering, by W. R. Brownlee, and 

Commercial Phases of the Telephone, by W. T. Voss. May 1. 
Attendance 12. 

Business Meeting. May 8. Attendance 12. 

Super-Power Systems, by Geo. Diamos. May 15. Attendance 


20. 
A motion picture, entitled ‘“‘The Audion,’’ was shown. The 


following officers were elected: President, J. W. Cruse; 
Vice-President, T. E. Davis. May 22. Attendance 20. 


University of Arkansas 
Illinois Central Switching Yard, by F. H. Smith, and 
Frog-Leg Windings, by Fred Ross. June 1. Attendance 9. 


Brooklyn Polytechnic Institute 
Vacuum-Tube Crest Voltmeters, by Paul Heise, student; 
Induction Motors, by Wallace Griesman, student. Mr. Fred 
Siemers gave a demonstration with a Tesla coil giving a 30- 
inch spark. The following officers were elected: President, 
Ferdinand Wankel; Vice-President, William Dalton; Treas- 
urer, Fred Wahlers; Secretary, Joseph Heller. May 21. 
Attendance 38. 


Bucknell University 
Business Meeting. The following officers were elected: Presi- 
dent, A. Fogelsanger; Vice-President, G. Timm; Secretary- 
Treasurer, J. D. Johnson. May 17. Attendance 38. 


California Institute of Technology 


Motion pictures, entitled “‘King of the Rails’ and ‘“‘The Potter’s 
Wheel,’’ wereshown. May17. Attendance 46. 

The Operation of a. Large Power Company, by H. A. Barre, 
Southern California Edison Co. The following officers were 
elected: Chairman, Thomas Gottier; Vice-Chairman, Don 
Hinkston; Secretary, Alan Capon; Treasurer, Carter Blank- 
enberg. May 28. Attendance 24. 


Carnegie Institute of Technology 
The Uses of Aluminum in the Electrical Industry, by Theodore 
Varney, Aluminum Company of America. April 28. At- 
tendance 35. 
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Banquet. The following officers were elected: Chairman, J. R. 
Power; Vice-Chairman, W. F. Simpson; Secretary, R. O. 
Perrine, Treasurer, J..T. Chidester. May 18. Attend- 
ance 55. 

University of Colorado 

A motion picture, entitled ‘‘The Single Ridge,” was shown. 
May 12. Attendance 25. 

Business Meeting. The following officers were elected: Presi- 
dent, A. D. Thomas; Vice-President, W. G. Edwards, Jr.; 
Secretary, J. A. Setter; Treasurer, R. W. Gutshall. June 2. 
Attendance 22. 

University of Denver 

Business Meeting. The following officers were elected: Chair- 
man, Harold Henson; Vice-Chairman, Carlyle Connor; Sec- 
retary-Treasurer, Allea Ohlson. May 13. Attendance 18. 

Drexel Institute 

Electrical Show. May 7 and 8. Attendance over 2000. 

Business Meeting. The following officers were elected: Chair- 
man, H. D. Baker; Vice-Chairman, G. V. Craddock; Secre- 
tary, J. KE. Hininger; Treasurer, T. J. Ballantyne. May 19. 
Attendance 23. 

University of Idaho 

Business Meeting. The following officers were elected: Presi- 
dent, J. W. Gartin; Vice-President, Cecil Balkow; Secretary- 
Treasurer, S. Blore. May 25. Attendance 32. 

State University of Iowa 

Evacuating Electric Lamps, by Nathan Whiting, and 

The American Institute of Electrical Engineers and Its Purposes, 
by Prof. A. H. Ford. May 12. Attendance 37. 

Automatic Train-Control Devices, by LeRoy Wyant, Rock Island 

- Railroad, Mr. Lyon, Ragan Automatic Train Control De- 
vice Co., and KE. Wanamaker, Rock Island Railroad. May 
21. Attendance 37. 


Business Meeting. May 26. Attendance 33. 


Kansas State College 


Electrical Power Applications in the Printing Industry, by Mr. 
Higgenbottom. The following officers were elected: Presi- 
dent, A. M. Young; Vice-President, K. B. Mudge; Record- 
ing Secretary, L. S. Hobson; Corresponding Secretary, John 
Yost; Treasurer, C. C. Tate. May 10. Attendance 66. 


University of Kansas 
Business Meeting. The following officers were elected: Presi- 
dent, W. L. Immer; Vice-President, R. M. Alspaugh; Secre- 
tary, H. R. Hilkey; Treasurer, Glen Kireckhaus. May 13. 
Attendance 40. 
Michigan State College 
Business Meeting. June 3. Attendance 18. 


University of Michigan 


Business Meeting. The following officers were elected: Chair- 
man, M. H. Nelson; Vice-Chairman, R. R. Swain; Secretary, 
15l5 Bi Beveueon: Treasurer, W.I. Poch. May 26. Attend- 
ance 19. 


Engineering School of Milwaukee 


Inspection trip to the Westinghouse Lamp Works. May 21. 
Attendance 44. 
Automobile Headlight Illumination, by EK. J. Lehnen. A motion 


picture, entitled ‘“‘Telephone Inventors of Today,’ was 
shown. June8. Attendance 24. 


University of Minnesota 
The Development of the Steam Turbine, by C. C. Douglas, General 
Electric Co. Illustrated with slides. May 12. Attend- 
ance 70. : 
Montana State College 
Business Meeting. The following officers were elected: Chair- 
man, W. E. Pakala; Vice-Chairman, Wayne Kobbe. May 
13. Attendance 147. 


College of the City of New York 


Porcelain Insulators, by Mr. Hirsch. Illustrated with slides. 
May 20. Attendance 14. 

Production Methods in the General Electric Company, by W. W. 
Hambly. June 3. Attendance 26. 

Business Meeting. The following officers were elected: Faculty 
Chairman, Professor H. Baum; Student Chairman, Harold 
Wolf; Vice-Chairman, Harry Hirsch; Secretary, Joseph 
Leipziger; Treasurer, E. F. Day. June 10. Attendance 19. 


INSTITUTE AND RELATED ACTIVITIES 


Journal A. I. E. E. 


New York University : 

Business Meeting. The following officers were elected: Chair- 
man, H..U. Hefty; Secretary, Henry Och. May 6. At- 
tendance 20. 

University of North Carolina 

Short talks were given by the following students: Messrs. 
Wilson, Smith, Coe, Farmer, Ryan, Cantwell and Mason. 
May 6. Attendance 38. 

Banquet. The following officers were elected: President, H. L. 
Coe; Vice-President, G. M. Wilson; Secretary, C. M. Lear; 
Treasurer, J. L. Cantwell. May 20. Attendance 46. 

Ohio University 

A New Method of Measuring Sound Intensity, by D. B. Green. 
Illustrated. May 13. Attendance 27. 

Oklahoma Agricultural and Mechanical College 

May 20. Attendance 30. 


University of Oklahoma : 
Business Meeting. The following officers were elected: Presi- 
dent, G. B. Brady; Vice-President, Ralph Tyler; Secretary, 
J.C. Glaze. May 19. Attendance 16. 
Oregon State Agricultural College 


The Transmission of Pictures by Wire, by A. K. Morehouse, 
Pacific Telephone and Telegraph Co. Illustrated with 
slides. May 11. Attendance 55. 


Business Meeting. May 28. Attendance 31. 


Pennsylvania State College 
The Transmission of Pictures by Wire, by J. W. Horton, Bell 
Laboratories, Inc. Illustrated with slides. May § 12. 
Attendance 50. 
Business Meeting. May 26. Attendance 20. 
Banquet. June 3. Attendance 78. 


University of Pennsylvania 
Spring Dance. May 7. Attendance 100. 


Business Meeting. The following officers were elected: Chair- 
man, F. H. Riordan, Jr.; Vice-Chairman, W. L. Carns; 
Treasurer, J.T. Naughton, Jr.; Secretary, Wm. H. Hamilton. 
May 19. 

Social Meeting. May 23. Attendance 150. 


Purdue University 

Public Utilities, by Stanley Green, Indiana Central Power Co. 
May 18. Attendance 30. 

South Dakota State School of Mines 

Business Meeting. The following officers were elected: Chair- 
man, C. Allen; Secretary-Treasurer, Harold Kade. May 24. 
Attendance 10. 

University of South Dakota 

Developments of Electrical Machinery in 1925, by Louis Stverak, 
and 

A Modern 220-Kv. Power Transmission Line, by Richard Brack- 
ett. January 5. Attendance 9. 

Latest Developments in Electrical Instruments, by Will Doohen. 
Illustrated with shdes. The following motion pictures were 
shown: ‘‘The Glow of the Lamp,’” and ‘‘White Coal.” 
February 13. Attendance 72. 


Transmission Lines in South Dakota, Mr. G. W. Day. March 9. 
Attendance 7. 


Rearranging the Dynamo Room, by Will Doohen and Louis 
Stverak. April 12. Attendance 8. 


A Piezo-EHlectric Oscillator Working at 3000 kc. and 4000 ke. per 
Second, by Richard Brackett. May 11. Attendance 14. 


Stanford University 

Business Meeting. May 26. Attendance 15. 

Business Meeting. June 2. Attendance 12. 

Business Meeting. The following officers were elected: Chair- 
man, A. V. Pering; Vice-Chairman, R. H. Brandt; Secre- 
tary, J. G. Sharp. June 8. Attendance 17. 

Syracuse University 

A motion picture, entitled ‘‘Temperature and Motor Endurance,” 
was shown. May 38. Attendance 18. 

Water Power in New York State, by V. R. Kimball. 
Attendance 18. 

University of Tennessee 


Illustrated lecture by Mr. Nelson, General Electric Co. 
15. Attendance 35. 


Banquet. 


May 24. 


April 


July 1926 ; : 


Business Meeting. The following officers were elected: Presi- 
dent, F. N. Green; Vice-President, J. R. McConkey; Secre- 
tary-Treasurer, B. M. Gallaher. May 6. Attendance 20. 


University of Texas 


Business Meeting. The following officers were elected: Presi- 
dent, F. W. Langner; Vice-President, R. F. Calhoun; Secre- 
tary-Treasurer, F. B. Menger; Corresponding Secretary, 
H. W. Zuch. May 13. Attendance 10. 


Virginia Military Institute 


Business Meeting. The following officers were elected: Chair- 
man, R. P. Williamson; Secretary, M. L. Waring. May 25. 
Attendance 28. : 


University of Virginia 

Hydro-Electric Possibilities Along the St. Lawrence River, by T. M. 
Linville; 

Recent Developments of Moore Gaseous-Conductor Lamps, by H. M. 
Dixon, Jr., and 

Recent Developments in the ag of Music, by J. 8. Miller. 
Motion pictures, entitled ‘‘The Telephone, A Modern Mar- 
vel,” “The Land of the White Cedar,’ and ‘‘Story of a 
Telephone Conversation,’’ were shown. May 19. At- 
tendance 52. 

Business Meeting. The following officers were elected: Chair- 
man, R. C. Small; Secretary, G. L. Lefevre; Treasurer, J. 
Bronaugh. May 28. Attendance 10. 


State College of Washington 


Business Meeting. The following officers were elected: Presi- 
dent, S. H. White; Vice-President, S. A. Bobe; Secretary, 
H. R. Meahl; Treasurer, Walter Beattie. June 1. At- 
tendance 20. 
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Washington University 
Business Meeting. The following officers were elected: Presi- 
dent, EK. B. Kempster, Jr.; Vice-President, Y. O. Waller; 
Secretary-Treasurer, George Simpson. May 21. Attend- 
ance 22. 
University of Washington 
The Superpower System, by Mr. Hutton, Pacific Coast Engi- 
neering Co. Annual Dinner. The following officers were 
elected: President, C. M. Murray, Jr.; Secretary-Treasurer, 
R. H. Crosby. June 2. Attendance 29. 
West Virginia University 
Inspection Trips at Carnegie Tech., by R. W. Beardslee; Inspec- 
tion Trips under Auspices of Westinghouse Hlec. & Mfg. Co., 
by J. U. Neill; The Springdale Power Plant, by M. W. 
Naylor; The Colfax Power Plant, by E. A. Berry; The Manu- 
facture of Steel Shapes, by D. 5. Roush; Interesting Things 
Seen at the Westinghouse Works, by R. L. Cole; Machine- 
Switching Telephone Exchange, by R. A. Osborne; and 


Submarine Indicators, by I. L. Smith. May 21. At- 
tendance 28. 
University of Wisconsin 
Hydro-Electric Construction, by Professor Meade. Banquet. 


May 26. Attendance 60. 
Worcester Polytechnic Institute 

Business Meeting. The following officers were elected: Chair- 
man, D. A. Calder; Vice-Chairman, R. A. Beth; Treasurer, 
A. M. Tarbox; Secretary, C. H. Kauke. May 6. At- 
tendance 16. 

University of Wyoming 

Business Meeting. The following officers were elected: Presi- 
dent, John Hicks; Vice-President, William Buchholz; 
Secretary-Treasurer, James O. Yates. May 19. Attend- 
ance 10. 
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| Engineering Societies Employment Service 


: 
E 
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Under joint management of the national societies of Civil. Mining, Mechanical and Electrical Engineers cooperating 


with the Western Society of Engineers. 


The service is available only to their membership, and is maintained as a coopera- 


tive bureau by contributions from the societies and their individual members who are directly benefited. 
Offices: —383 West 39th St., New York, N. Y.,—W. V. Brown, Manager. 
58 West Jackson Blv’de., Room 1786, Chicago, Ill., A. K. Krauser, Manager. 
57 Post St., San Francisco, Calif., N. D. Cook, Manager. 
MEN AVAILABLE.—Brief announcements will be published without charge but will not be repeated except upon 


requests received after an interval of one month. 


period of three months and are renewable upon request. 


Names and records will remain in the active files of the bureau for a 


Notices for this Department should be addressed to 


EMPLOYMENT SERVICE, 33 West 39th Street, New York City, and should be received prior to the 15th of 


the month. 


OPPORTUNITIES.—A Bulletin of engineering positions available is published weekly and is available to- 
members of the Societies concerned at a subscription rate of $3 per quarter, or $10 per annum, payable in advance. Posi- 
tions not filled promptly as a result of publication in the Bulletin may be announced herein, as formerly. 

VOLUNTARY CONTRIBUTIONS.—Members obtaining positions through the medium of this service are 
invited to cooperate with the Societies in the financing of the work by nominal contributions made within thirty days after 
placement, on the basis of $10 for all positions paying a salary of $2000 or less per annum; $10 plus one per cent of all 
amounts in excess of 82000 per annum; temporary positions (of one month or less) three per cent of total salary received. 
The income contributed by the members, together with the finances appropriated by the four societies named above, will 
it is hoped, be sufficient not only to maintain, but to increase and extend the service. 

REPLIES TO ANNOUNCEMENTS.—Replies to announcements published herein or in the Bulletin, should 
be addressed to the key number indicated in each case, with a two cent stamp attached for reforwarding, and forwarded 


to the Employment Service as above. 
filled will not be forwarded. 


POSITIONS OPEN DISTRICT 


SUPERINTENDENT, 


Replies received by the bureau after the positions to which they refer have been 


to take NEER, who can design and plan the production of 


a complete line of electric stoves. Only engineer 


PUBLIC UTILITY EXECUTIVE, thor- 
oughly seasoned for general management, X-73. 

EXPERIENCED TRANSFORMER ENGI- 
NEER, familiar with design and practise relating 
to high-tension potential transformers and high- 
tension small distribution and special purpose 
transformers. Must be capable of original work, 
both theory and practise. Positions with a new 
division of an old line manufacturing company, 
not previously engaged in the manufacture of 
high-tension electrical apparatus. Location, Con- 
necticut. R-9452. 


charge of the distribution and commercial work in 
a fast growing and progressive town of eighty 
thousand. Should be technically trained, ex- 
perienced with overhead city distribution prob- 
lems, customers’ relations, rate interpretation, 
motor applications and illumination. Good 
working knowledge of Spanish essential. Climate 
healthful. Apply by letter with full particulars 
regarding past experience, salary, when available, 
references and enclose recent photograph. Loca- 
tion, Porto Rico. R-9898-C. 
MANUFACTURING ELECTRICAL ENGI- 


who has had practical experience producing elec- 
trical stoves will be considered. Apply by letter. 
Location, West. R-9839-C-R-226-S. 

STEAM PLANT BETTERMENT AND 
SERVICE ENGINEER, with five-ten years’ 
public utility operating experience, principally 
in steam electric generation. Work is in connec- 
tion with plant betterment and service division of 
large public utility management organization. 
Essential that applicant be fully informed as to 
operation, maintenance and design of up-to-date 
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high-pressure steam electric stations and capable 
of analyzing operating results and costs, as well 
as rendering all kinds of service in connection with 
the operation of the steam and utility plants. 
Some traveling. Apply by letter stating salary 
expected, when available, and full statement of 
education, age, and past experience. Head- 
quarters, New York. X-49. 

STEAM PLANT BETTERMENT ENGI- 
NEER, for steam plant betterment division of 
large utility management company. Must have 
at least five years’ operating experience in public 
utility plants. Knowledge of Spanish desirable, 
not essential. Underfeed stoker experience re- 
quired. Apply by letter stating age, salary 
expected, education, when available, and full 
description of past experience. Headquarters, 
New York; location, foreign. X-50. 


MEN AVAILABLE 


EXECUTIVE, graduate electrical engineer, 
age 32, married, desires permanent position with 
manufacturing organization where actual selling, 
purchasing and manufacturing control experience 
can be used to advantage. Experienced in shop 
practise and management with knowledge of 
factory cost and accounting systems. Skilled in 
production methods, waste elimination, bonus 
systems and rate setting. A-4070. 


GRADUATE ELECTRICAL ENGINEER, 
30, married, several years practical and business, 
some educational experience, desires teaching 
position offering opportunity for research and 
advanced study. Excellent scholastic record, 
naturally adapted to educational work. Can 
handle electrical or power plant engineering or 
mathematical subjects. Westinghouse shop course 


and sales experience. Excellent references. 
C-1071. 
ELECTRICAL ENGINEER, 28, B. S. in 


E. E., desires teaching position in electrical engi- 
neering department of university or college of 
standing. Desires position with prospects of 
advancement. Five years’ experience in design, 
estimation and installation of electrical and me- 
chanical equipment. Present position instructor 
in electrical engineering in well known Western 
college. Available September. B-9894. 


ELECTRICAL ENGINEER, 28, single, desires 
position with manufacturer electrical apparatus. 
Five years’ experience with large manufacturer 
electric control apparatus. Some sales expe- 
rience. B-6274. 


ELECTRICAL ENGINEER, graduate Lond., 
Eng., two years’ Canadian hydro experience, five 
years plant maintenance. At present located 
Quebec, desires to improve position in Canada. 
Thorough practical and theoretical experience. 
Available in one week. At present employed. 
C-1419. 


GRADUATE OF DREXEL INSTITUTE IN 
ELECTRICAL ENGINEERING, 23, five years 
general wiring, one year power plant construction, 
six months underground transmission and dis- 
tribution work, including test on 13200 volt 
Conduit Oil Switches. De ires position electrical 
engineering work. Locacion, immaterial. C-1477. 


ELECTRICAL ENGINEER, 30, married, 
experienced in the electrical design of power plants, 
substations, transmission lines, special studies, 
investigations, reports, etc. Technical graduate, 
business training. Will consider a connection 
with a consulting organization or an operating 
company. C-995-507. 


ELECTRICAL AND CIVIL ENGINEER, 35, 
with fifteen years’ experience in electrical and 
hydro-electric developments. Theoretical train- 
ing well seasoned with actual experience in all 
stages from preliminary reports to construction 
and operation. Executive accustomed to as- 


suming responsibility and delivering results. 
Fluent Spanish. B-1173. 
ELECTRICAL ENGINEER, 30, married, 


graduate E. E., M. E., seven years’ varied ex- 
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perience on central and substation estimating, 
design, construction and installation, also safety 
and research work. Five years in responsible 
positions with private corporation and public 
utilities. Good record and references. Desires 
responsible position requiring ingenuity and good 
judgment with industrial, engineering or small 
power company, preferably New York or neigh- 
boring state. Available on reasonable notice. 
B-5505. 

RECENT COLLEGE GRADUATE, E. E., 
desires position as instructor in electrical engineer- 
ing, preferably in New York City. C-1514. 

ELECTRICAL SALES ENGINEER, wishes 
to represent manufacturers of electrical power and 


control equipment, also special illuminating 
equipment for industrial use. Location, St. 
Louis. C-1479. 


ASSISTANT ENGINEER, 25, single, B. 8. in 
E. E., two years on Westinghouse test. Desires 
work with public utility. Location, East, 
Virginia or North Carolina, C-1314. 

ELECTRICAL ENGINEER, college and 
technical graduate, twenty-five years’ broad 
experience in power plant and substation design, 
H. T. bus construction, power and light distribu- 
tion, underground and line transmission, quantity 
surveys, specification writing, executive corre- 
spondence, and office charge, desires position with 
reliable utility company. Atlantic Coast pre- 
ferred. B-3231. 

ELECTRICAL ENGINEER, 35, married, 
M. I. T. education, fourteen years’ experience, 
office and field, electrical design of power stations, 
substations, industrial buildings, desires position 
with a substantial organization where the expe- 
rience stated herein can be used to the advantage of 
employer and employee. Familiar with appraisal 


work. Holds New York State Professional 
Engineer’s license. Salary $4200. Location, 
New York City. B-5393. 


GRADUATE ELECTRICAL AND ME- 
CHANICAL ENGINEER, desires permanent 
position engineering work Pacific Coast. Two 
years drafting, designing with electrical manufac- 
turing company, two years substation design, 
rate engineering large public utility. Good 
character, pleasing personality, efficient worker. 
Several languages, European university graduate, 
27, married. Minimum salary $175 a month. 
Present employed. Available month’s notice. 
C-1109. 


DISTRIBUTION ENGINEER, | technical 
graduate, married, 33, five years’ experience sub- 
stations, steam and electric power stations, five 
years’ experience in electrical distribution with 
large public utility in East. Desires location in 
East. Availableonemonth. B-1410. 

POWER SALES ENGINEER. Young man 
with ability, 34, married, desires connection with 
public utility who needs a real salesman for new 
business or contract department. Has had ten 


years’ engineering and selling experience. Tech- 
nically educated. Salary. and expenses. Avail- 
able August Ist. A-1330. 
SUPERINTENDENT ELECTRICAL AND 
MECHANICAL CONSTRUCTION AND 


OPERATION-EXECUTIVE, 48, married, tech- 
nical education, wide experience, five years in 


Orient, design, construction, installation and 
operation, power, light and industrial plants, 
steam, hydro-electric. Special experience all 


kinds electrical apparatus and equipment, turbines, 
boilers, auxiliaries, high tension transmission, 
substations, distribution systems, building con- 
struction, mill machinery in public utility and 
industrial plants. Available short notice. Loca- 
tion immaterial. C-408-127. 


GRADUATE ELECTRICAL ENGINEER 
AND MECHANICAL ENGINEER, 27, mar- 
ried, one year G. E. test, one year of substation 
design with large public utility. Work con- 
sisted mostly of switchboards, control and 
protection schemes, and checking drawings. 
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Available on reasonable notice. Location, Mid- 


dlewest or East. C-1068. 


MECHANICAL ELECTRICAL ENGINEER, 
married, eighteen years’ experience covering 
General Electric test, substation and power station 
design and operation for steel and wire mills, 
electrical cable manufacturing and sales. Execu- 
tive and industrial development ability. A-4652. 


SALES ENGINEER, 34, well acquainted with 
Eastern public utilities, and large electrical 
jobbers; twelve years’ experience. At present 
connected with large manufacturer of line ma- 
terial and substation equipment. Salary and 
expenses. Available June 30th. O-1551. 


EDITOR-ENGINEER, will edit house organ 
for transportation company, public utility com- 
pany, manufacturing company, or get up 
catalogue, advertisements or historical booklet 
or descriptive matter. Three and one-half years’ 
experience as department editor of magazine, 
and electrical engineer of a number of years’ 
standing. O-1490. 

GRADUATE ELECTRICAL ENGINEER, 
Canadian, 27, married, finished Alexander 
Hamilton Institute Modern Business Course. 
Three years naval wireless work, Canadian 
General Electric Students’ Test Course, nine 
months operating department, two years elec- 
trical design on hydraulic generating stations. 
Wishes position as engineer or executive with 
small growing manufacturing company or public 
utility. Location, Eastern States. Available 
fifteen days’ notice. C-1524. 


ELECTRICAL ENGINEER OR EXECU- 
TIVE, twenty years’ experience in electrical 
design and construction of generating and sub- 
stations, also transmission and distribution, also 
industrial installations. Can also sell electrical 
equipment and commercial power. Desires 
responsible executive position. Permanence more 
important than location. B-3711. 


LICENSED ELECTRICAL CONSTRUC- 
TION ENGINEER, at present employed elec- 
trical field superintendent of large firm doing heat- 
ing, plumbing, electrical contracting business. Four 
years’ experience with above firm estimating, 
sales, purchasing, seven years with large public 
utility electrical engineering and new business 
departments. Minimum salary $5000. Loca- 
tion, New York or vicinity. Available reason- 
able notice. C-1548. 


RADIO COMPASS ENGINEER, technical 
graduate, desires position with reliable concern 
in this capacity. Present employed by U. S. 
Navy Department on position and direction find- 
ingradio. C-723. 


ASSISTANT EXECUTIVE, B. S. and E. E. 
degrees, five years’ well balanced experience in all 
phases of distribution and power substations 
and their commercial aspects, and one year’s 
experience in administrative office of manufactur- 
ing company, three years in supervisory capacity. 
Desires position with electrical company requiring 


technical, commercial, and executive ability. 
Minimum salary $3600. Location preferred, 
lower Great Lakes States. B-7315. 


ELECTRICAL ENGINEERING GRADU- 


ATE, (B. S. in E. E.) 30, single, ten years’ 
electrical construction and maintenance of 
industrial plants, substations, etc., one year 


electrical design. Desires position in electrical 
construction with public utility or contracting 
company. Field work preferred. Minimum sal- 
ary $2600. Eastern location. C-1525. 


POWER ENGINEER, 38, married, electrical 
graduate, also special study M. I. T., Allis- 
Chalmers test, 13 years’ experience installation 
power plant machinery, maintenance, general 
construction, operation and supervision in public 
utility. Desires position distribution engineer 
with a public utility or similar work with op- 
portunity for advancement. Location, United 
States. Available at once. A-4018. 
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ASSOCIATES ELECTED JUNE 23, 1926 
*ALBERTI, JOHN NORMAN, Designing En- 
gineer, General Electric Co., Schenectady, 
INSYS 
ALEXANDER, R. WARREN, Elec. Engg. 
Dept., Commonwealth Power Corp., Jackson, 


Mich. 
ALLEN, JAMES GILLESPIE, Illuminating 
Engineer, Duquesne Light Co., 800 Du- 


quesne Bldg., Cecil Way, Pittsburgh, Pa. 

ALLISON, ROY S., Dist. Manager, Niagara, 
Lockport & Ontario Power Co., Macy Bldg., 
Avon, N.Y. 

AMBROSE, LEE O., Mech: & Elec. Engineer, 
The Austin Co., 16112 Euclid Ave., Cleve- 
land, Ohio. 

AMES, ALBERT WILSON, Salesman, Lighting 
Dept., City of Seattle, Seattle, Wash. 
ANDERSON, HAROLD LESLIE, Resident 
Engineer, Commonwealth Power Corp., 

244 Michigan Ave., W., Jackson, Mich. 

ANDREWS, CHARLES L., Engineer, The 
Pacific Tel. & Tel. Co., 15 North Park St., 
Portland, Ore. 

ANSON, EDWARD HIRAM, Asst. Engineer, 
Gibbs & Hill, Pennsylvania Station, New 
piorkaNe, Ys 

*ANTHONY, ROYAL BAKER, Asst. Division 
Supt., Penna. Power & Light Co., South Oak 
St., Mt. Carmel, Pa. 

ARBUCKLE, JAMES STEWART, Electrical 
Engineer, American Brown Boveri Electric 
Corp., Camden, N. J. 

ATKINSON, JOHN NORMAN, Hydro-Elec. 
Power House Operator, Newfoundland Power 
& Paper Co., Ltd., Deer Lake, Newfound- 
land. 

ATWOOD, DAVID STODDARD, Elec. Engg. 
Dept., Llewellyn Iron Works, 1200 N. Main 
St., Los Angeles, Calif. 

AUTEN, LLOYD D., Operator, Cleveland Rail- 
way Co., Cleveland; res., East Cleveland, 
Ohio. 

BALLANTINE, ROBERT A., Salesman, Penn 
Electrical Engineering Co., 517 Ash St., 
Scranton, Pa. 

BALLARD, WILLIAM CYRUS, Jr., Professor 
Elec. Engg. Dept., Cornell University, 
Franklin Hall, Ithaca, N. Y. 

BARTHOLOMEW, FRANCIS JOHN, Director 
of Bartholomew, Montgomery & Co., Ltd., 


614 Standard Bank Bldg., Vancouver, 
B.C. Can. 
BARTON, SYDNEY, Chief Operator, Federal 


Telegraph Co., Clearwater; res., Long Beach, 
Calif. 

BAUDRY, RENE ANDRE MARCEL, Drafts- 
man, Westinghouse Elec. & Mfg. Co., East 
Pittsburgh; res., Wilkinsburg, Pa. 

BAYLES, CHARLES GILBERT, Engineer, 
Black & Veatch, 701 Mutual Bldg., Kansas 
City, Mo. 

BEAUMONT, LEONARD, Asst. Engineer, Dis- 
tribution Dept., Shanghai Municipal Elec- 
tricity Dept., Foochow Road, Shanghai, China, 

*BECKETT, RUSSELL VOHR, Oscillograph 
Engineer, Westinghouse Elec. & Mfg. Co., 
East Pittsburgh; res., Pittsburgh, Pa. 

BELL, CHARLES REGINALD, Junior Engi- 
neer, Cleveland Electrical Illuminating Co., 
1013 Illuminating Bldg., Cleveland, Ohio. 

BENNETT, JOHN WILLIAM, Distribution 
Engineer, Eastern N. J. Power Co., Allen- 
hurst, N. J. : 

BERGHOLTZ, HERMAN, Jr., Testing Dept., 
General Electric Co., Schenectady, N. Y. 

BETTINGER, LEROY WILLIAM, Electrician’s 
Mate,” Second Class, U. S: N:, Ue S. 8. 
Concord, c/o Postmaster, New York, N. Y. 

BINDER, GURDON A., Salesman, Ohio Brass 
Co., 1714 Fisher Bldg., Chicago, Ill. 


BISAZZA, RUGGERO, Testing Dept., General 
Electric Co., Schenectady, N. Y. ‘ 
BISHOP, LOUIS EDWARD, West Penn 

System, West Penn Bldg., Pittsburgh, Pa. 

BLANCH, FREDERICK D., Electrical Engi- 
neer, Alternating Current Engg. Dept., 
General Electric Co., Schenectady, N. Y. 

BORGESON, SIDNEY E., Electrical Develop- 
ment Engineer, Western Electric Co., Inc., 
Hawthorne Station, Chicago, Ill. 

BOTHWELL, FORDYCE ARGO, 
Electric Co., Schenectady, N. Y. 

BOURA, FELIX G., Asst. Engineer, West Penn 
Power Co., 14 Wood St., Pittsburgh, Pa. 

*BOYER, WILLIAM ARTHUR, Test Man, 
General Electric Co., Schenectady, N. Y. 

BRAGG, ARTHUR DICKINSON, Testman, 
General Electric Co., Schenectady, N. Y. 

BRENNON, LEONARD A., Chief Operating 
Engineer, General Electric Co., Erie, Pa. 

BRISTOW, THOMAS NORWOOD, Salesman & 
Manager, H. B. Squires Co., 552 First Ave., 
Seattle, Wash. 

BROUGHTON, WILLIAM GUNDY, Student 
Engineer, General Electric Co., Schenectady, 
INROYS 3 

BROWN, FREDERICK WILLIAM, 3rd Opera- 
tor, Public Works Dept., Mangahao Power 
Station, Shannon, N. Z. 

BROWN, LOWELL, Asst. Distribution Engineer, 
City of Seattle, Lighting Dept., County City 
Bldg., Seattle, Wash. 

BUERY, GEORGE EVERETT, Chief Elec- 
trician, Peninsula Lumber Co., McKenna 
Ave., Portland, Ore. 

BURCKETT, DOUGLAS MELLEN, Asst. Engi- 
neer, Great Northern Railway, Seattle, Wash. 

BURT, ARCHIE RAY, Supervisor, Substations, 
Underground Trans. Constr. & Maintenance, 
Kansas City Railways Co., 8th & Woodland, 
Kansas City, Mo. 

BUSTILLO, FRANCESCO E., Electrical Engi- 
neer, Mexican Light & Power Co., Gante No. 
20, Mexico D. F., Mex. 

BUTLER, WILLIAM COOK, Engineer, The 
Pacific Tel. & Tel. Co., 800 Fairview Ave., 
N., Seattle, Wash. 

BUTT, FRANK HENRY, Sales Correspondent, 
Westinghouse Elec. & Mfg. Co., East Pitts- 
burgh; res., Dormant, Pittsburgh, Pa. 

BUTTERFIELD, HOLLIS SPURGEON, Elec- 
trician, Atlantic City Electric Co., Kentucky 
& Pacific Aves., Atlantic City, N. J. 

CAMPBELL, ALFRED E., Foreman; Under- 
ground Cable Div., Distribution Dept., 
The Ohio Power Co., Canton, Ohio. 

CAMPBELL, THOMAS LORNE, Estimator, 
Toronto Hydro-Electric System, Duncan & 
Nelson Sts., Toronto, Ont., Can. 

CANGUCU, O. G., Telegraph Engineer, Paulista 
Railway, Sao Paulo, Brazil, 8. A. 

CARRICK, JOHN F. C., Resident Agent, 
General Electric Co., 533 Gluck Bldg., 
Niagara Falls, N. Y. 

CASTRO, LEOPOLDO, Jr., Student Engineer, 
General Electric Co., Schenectady, N. Y. 
CHAMBERS, HENRY DONALD, Electrical 
Draftsman, Puget Sound Power & Light Co., 

Seattle, Wash. 

CHANDLER, WALTER G., Supervisor of Cable 
Bureau, Brooklyn Edison Co., Ine., 14 
Rockwell Place, Brooklyn, N. Y. 

CHENEY, WALLACE E., Engineer, Switchgear 
Dept., Allis-Chalmers Mfg. Co., Milwaukee, 
Wis. 

CHRISTIANSON, ELMER C., System 
Operator, Puget Sound Power & Light Co., 
1306 A St., Tacoma, Wash. 

CIRELLA, LAWRENCE E., Laboratory Assist- 
ant, Simplex Wire & Cable Co., Cambridge; 
res., Arlington, Mass. 


General 


*COOPER, RALPH FENIMORE, Electrician, 
Armature Winder, Miller Rubber Co., 
Akron, Ohio. 

COOPER, WILLIAM J., Electrician, St. Paul's 
Hospital, 1100 Block Burrard St., Van- 
couver, B. C., Can. 

COSTELLA, ALBERT PIETRO, Electrical 
Foreman & Partner, The Camden Storage 
Battery Co., 40 Haddon Ave., Camden, N. J.; 
res., Philadelphia, Pa. 

COULSON, WILLIAM, Engineer in charge of 
Workshops, The Electrical Installation & 
Repairing Co., 40 Berry St., Belfast, Irelnda. 

CRAGO, PAUL HUGHES, Electrical Engineer, 
Union Switch & Signal Co., Swissvale; res., 
Forest Hills Boro, Wilkinsburg, Pa. 

CRAVEN, FRANK ELMER, Engineering Assist- 
ant, Bell Telephone Co. of Pa., 261 N. Broad 
St., Philadelphia, Pa. 

CRAWFORD, JAMES M., Asst. General Fore- 
man, Testing Dept., General Electric Co., 
Schenectady, N. Y. 

CROCK, ISRAEL Z., Specification Engineer, 
New England Tel. & Tel. Co., 50 Oliver St., 
Boston, Mass. 

CROWELL, RALPH MILTON, Operator, Utah 
Power & Light Co., 133 S. West Temple, 
Salt Lake City, Utah. 

CRUMP, LEONARD WADE, Draftsman, Puget 
Sound Power & Light Co., 1306 A St., 
Tacoma, Wash. 

*CURTIS, GEORGE V., Testing Dept., General 
Electric Co., Schenectady, N. Y. 

CUTHBERT, JAMES TAYLOR, Chief Elec- 
trician, Duquesne Light Co., Pittsburgh, Pa. 

DAMON, ALFRED C., Test Dept., Simplex 
Wire & Cable Co., 66 Sidney St., Cambridge; 
res., Cochituate, Mass. 

DAUGHERTY, THOMAS CLARKE, Tele- 
phone Traffic Engineer, New England Tel. & 
Tel. Co., 50 Oliver St., Boston, Mass. 

DAVIS, JOHN CASSIUS, Jr., Trouble Dis- 
patcher, Edison Electric Illuminating Co., 


1165 Massachusetts Ave., Roxbury; res., 
Dorchester, Mass. 
DAVIS, WILLIAM, Asst. Engineer, Toronto 


Hydro-Electric System, Toronto, Ont., Can. 

DAVISON, CHARLES, Land Line Inspector, 
Mexican Telegraph Co., Calle de Escandon 
No. 99, Orizaba, Vera Cruz, Mexico. 

DAY, WILLIAM POWELL, Head, Turbine Test 
Dept., General Electric Co., Schenectady, 
INSSY 

DEAN, CHARLES PHILIP, Laboratory Super- 
vising Engineer, Bell Telephone Laboratories, 
Inc., 463 West St., New York, N. Y.; res., 
Summit, N. J. 

DE CELIS, FRANCISCO, High Tension In- 
spector of Meters, Mexican Light & Power 
Co., Mexico City, Mex. 

DEDEK, FRANK G., Asst., Electrical Labora- 
tory, Burroughs Adding Machine Co., 
Second Blvd., Detroit, Mich. 

DELLINGER, FLOYD ELLIOTT, Overhead 
Electrical Engineer, Los Angeles Gas & 
Electric Corp., 810 S. Flower St., Los Angeles, 
Calif. 

DENEEN, ROBERT J., Dist. Sales Manager, 
Ohio Brass Co., 1714 Fisher Bldg., Chicago, 
Tl. ; 

DENNIS, WILLIAM EDWIN, Asst. Electrical 
Engineer, Bombay Baroda & Central India 
Railway, Church Gate St., Bombay, India. 


DERRONE, MARCEL, Electrical Engineer, 
S. F. de M. D’e. A. Tekka, Gopeng, Perak, 
F.M. S. 


DE VRIES, BERNARD E., Electrical Engineer, 
Engg. Dept., Duquesne Light Co., Duquesne 
Bldg., Pittsburgh, Pa. 
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DICKERSON, FRANCIS ARTHUR, Asst. 
Engineer, New York Telephone Co., 104 
Broad St., New York,; res., Brooklyn, N. Y. 

DIEHL, WILLIAM ARTHUR, Asst. Mainte- 
nance Engineer, National Malleable & Steel 
Castings Co., Cleveland, Ohio. 

DOANE, PHILIP, Electrical Tester, New York 
Edison Co., 92 Vandam St., New York; res., 
Brooklyn, N. Y. 

DODDS. VINCENT G., Local Manager, Alumi- 
num Co. of America, 100 State St., Albany, 
ING 

DOWE, GEORGE PHILLIPSON, 
The Canadian Crocker-Wheeler 
Catharines, Ont., Can. 

*DREYFUS, JAMES, Equipment Engineer, New 
York Tel. Co., 360 Bridge St., Brooklyn, 
INN Ys 

DRING, LOUIS GABRIEL, Telephone Inside 
Man, New York Telephone Co., 15 Dey St., 
New York, N. Y. 

DUEVEL, CHARLES OTTO, Jr., Heating & 
Ventilating Engineer, Consumers Central 
Heating Co., 108 E. 11th St., Tacoma, Wash. 

DUFFY, LEE, Substation Operator, Puget Sound 
Power & Light Co., 1428 Boylston Ave., 
Seattle, Wash. 

DUNHAM, DAVID, Engineer, Southland Elec- 
tric Power Board, Invercargill; res., Gore, 
N. Z. 

EBERHARDT, PAUL WILLIAM, General 
Safety Inspector, Duquesne Light Co., 435 
6th Ave., Pittsburgh, Pa. 

EDWARD, JOHN ANDREW, Hydro-Electric 
Power Station, Snoqualmie, Wash. 

EHRKE, ERNEST BORMAN, Outside Sales- 
man, Pacific States Electric Co., 236 S. Los 
Angeles St., Los Angeles, Calif. 

ELLIS, DONALD WAYNE, Chief Electrician, 
Beech Bottom Power Co., Power, West Va. 

ERICKSON, ELLIS O., Engineer, Supply Engg. 
Dept., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

EVELAND, GEORGE HARMON, Engineer, 
Feather River Power Co., Hobart Bldg., San 
Francisco, Calif. 

EWING, CHARLES, Electrical Engineer, Louis- 
ville Gas & Electric Co., 311 W. Chestnut 
St., Louisville, Ky. ’ 

FAGAN, HENRY JOSEPH, 1555 Walton Ave., 
Bronx, New York, N. Y. 

FALK, VICTOR EMANUEL, Electrical De- 
signer, Stone & Webster, Inc., 147 Milk St., 
Boston, Mass. 

FALOR, HAROLD LEROY, Chief Operator, 
Northern Ohio Power & Light Co., Terminal 
Bldg., Akron, Ohio. 

FAUERBACH, WALTER FREDERICK, Sales- 
man, Westinghouse Elec. & Mfg. Co., 150 
Broadway, New York; res., Hollis, N. Y. 

“FAWCETT, O. EMMETT, Asst. Electrical 
Engineer, West Penn Power Co., 14 Wood St., 
Pittsburgh, Pa. 

FEINDEL, ABBOTT, Cable Tester, New York 
Edison Co., 708 1st Ave., New York; res., 
Brooklyn, N. Y. 

FLORY, CARL LEONARD, Asst. Engineer in 
charge, Radio Corp. of America, Tuckerton, 
ING: 

FONTAINE, JAMES, Research Assistant, Engi- 
neering Experimental Station, North Caro- 
lina State College, Raleigh, N. C. 

FORSYTH, JOSEPH WILSON, Engineer, City 
of Philadelphia, 6000 Rising Sun Ave., 
Philadelphia, Pa. 

FREE, JOHN E., Supt., Electric Construction, 
General Electric Co., Witherspoon Bldg., 
Philadelphia, Pa. 

*KRENCH, MURVIN ARVILLE, Inspector, 
Underground Cable Construction Dept., 
Chas. H. Tenney & Co., 200 Devonshire St., 
Boston; res., Framingham, Mass. 

FUHS, RAYMOND H., Electrical Engineer, 
Indianapolis Light & Heat Co., 48 Monu- 
ment Place, Indianapolis, Ind. 

GALE, ARTHUR P., Director of Public Rela- 
tions, Wisconsin Power & Light Co., 900 
Gay Bldg., Madison, Wis. 


Draftsman, 
Co:, St. 


INSTITUTE AND RELATED ACTIVITIES 


GAMBITTA, A. FILADELFIO, Research Work, 
6 W. 28th St., New York, N. Y. 

GANTENBEIN, E. F., General Foreman, Line 
Dept., Puget Sound Power & Light Co., 601 
Capitol Way, Olympia, Wash. 

GARNER, FRED E., Dist. Sales Manager, 
Daven Radio Corp., 158 Summit St., Newark, 
ING le 

GARNETT, HARRY SEYS, Asst. Engineer, 
Messrs. Merz & McLellan, 32 Victoria St., 
Westminster, London, Eng. 

GARRETSON, FRANCIS MARION, Jr., Re- 
search Engineer, Cooper Hewitt Electric Co., 
95 River St., Hoboken; res., East Orange, 


Nie 
GAUCHET, CLIFFORD EDWARD, Street 
Lighting Specialist, General Electric Co., 


Pierce Bldg., St. Louis, Mo. 

GHEN, MELVILLE W., Supervisor of Under- 
ground Construction, Duquesne Light Co., 
800 Duquesne Bldg., Pittsburgh, Pa. 

GIANGRANDE, DOMENIC MICHAEL, 
Draftsman, The New York Edison Co., 
130 E. 15th St., New York, N. Y. 

GIBNEY, EUGENE L., Draftsman, Lighting 
Dept., City of Seattle, 514 Prefontaine Bldg., 
Seattle, Wash. 

GIBSON, FOSTER COLLINS, Dist. Manager, 
Edison Storage Battery Co., 509 Polson 
Bldg., Seattle, Wash. 

GILLIS, MELVIN D., Foreman of Electrical 
Test, General Electric Co., Erie, Pa. 

GILSON, WALTER JAY, Designing Engineer, 
Canadian & General Finance Co., 357 Bay 
St., Toronto, Ont., Can. 

GOARD, LAMAR C., Distribution Supt., The 
Ohio Public Service Co., Ashland, Ohio. 
GOYNE, THOMAS STUART, Sales Engineer, 
Goyne Steam Pump Co., Ashland, Pa. 
GRANT, ALEXANDER JAMES, Electrical 
Engineer, Westinghouse Elec. & Mfg. Co., 

East Pittsburgh; res., Pittsburgh, Pa. 

GRAUL, EDGAR ALBERT, Technical Clerk, 
Vice-President‘s Office, Duquesne Light Co., 
300 Philadelphia Bldg., Pittsburgh, Pa. 

GRAY, JOSEPH WILLIAM, Professor of Elec. 
Engg., Ohio Northern University, Ada, Ohio. 

GREENE, EDWIN M., Draftsman, Engg. Dept., 
Commonwealth Edison Co., 72 W. Adams 
St.. Chicago, Il. ' 

GREENE, J. H., Sanderson & Porter, 52 William 
St., New York, N. Y. 

GRIFFIN, GEORGE HENRY, Student, Union 
Carbide Co., Saulte Ste Marie, Mich. 


HADLEY, GEORGE F., Process Engineer, 
Westinghouse Elec. & Mfg. Co. East 
Pittsburgh; res., Pittsburgh, Pa. 

HAERTLEIN, ALBERT, Supt., Plans & 
Schedules Div., Duquesne Light Co., 435 
6th Ave., Pittsburgh, Pa. 

*HANSEN, TED A., Automatic Substation 


Inspector, Puget Sound Power & Light Co., 
Electric Bldg., Seattle, Wash. 

HARKINS, PERCY STONER, Division Plant 
Engineer, Bell Telephone Co. of Pa., 1230 
Arch St., Philadelphia, Pa. 

*HARNETT, DANIEL EDWARD, Electrical 
Engineer, Pacent Electric Co., 91 7th Ave.. 
New York, N. Y. 

*HARRELL, FREDERICK EDMUND, Sales 
Engineer, Reliance Electric & Engineering 
Co., 1088 Ivanhoe Road. Cleveland, Ohio. 

HARTLE, WILBERT GRAY, Student Engi- 
neer, Testing Dept., General .Electric Co., 
Schenectady, N. Y. 


HARTRANFT, ARMAND C., Load Dispatcher, 
Philadelphia Electric Co., 1000 Chestnut St., 


Philadelphia; res., Germantown, Philadel- 
phia, Pa. 
HASKENS, ALBERT JACOB, Draftsman, 


Union Switch & Signal Co., Swissvale, Pa. 
*HEFFELMAN, MALCOLM C., Electrician 
Foreman, Chile Exploration Co., Chuquicam- 
ata, Chile, S. A. 
HELANDER, WALTER NATHANIEL, Meter 
Dept., Puget Sound Power & Light Co., 
601 Capitol Way, Olympia, Wash. 


Journal A. I. H. E. 


HENDERSON, CHARLES L., Asst. Supt., Sub- 
Sta. Operation, West Penn Power Co., 14 
Wood St., Pittsburgh, Pa. 

HENDERSON, EUGENE WAYNE, Chief 
Electrician, Colfax Plant, Duquesne Light 
Co., Cheswick, Pa. 

HERRERA, RAFAEL O., Student Engineer, 
General Electric Co., Schenectady, N. Y. 
HILLOCK, JAMES FRANCIS, Senior Engineer, 
Customer’s Section Duquesne Light Co., 

Duquesne Bldg., Pittsburgh, Pa. 

HILTEBEITEL, JESSE, Chief Engineer, H. N. 
Crowder, Jr., Co., 446 Union St.,, Allen- 
town, Pa.; res., New York, N. Y. 

HITE, JOHN W., Electrical Inspector, Reliance 
Electric -& Engineering Co., 1088 Ivanhoe 
Road, Cleveland, Ohio. 

HOEFFLIN, ALBERT S., Elect. Operating 
Dept., Louisville Gas & Electric Co., 311 W. 
Chestnut St., Louisville, Ky. 

HOEHN, EDUARD H., Junior Engineer, Union 
Electric Light & Power Co., 315 N. 12th 
Blyd., St. Louis, Mo. 

HOULE, ARTHUR VICTOR, Tester, The New 
York Edison Co., 92 Vandam St., New 
York; res., Brooklyn, N. Y. 

*HUBBARD, HENRY H., Engineering Assist- 
ant, Brooklyn Edison Co., 380 Pearl St., 
Brooklyn, N. Y. 

HULTS, JOHN LAWRENCE, Engineer, Engg. 
Dept., The Ohio Public Service Co., Warren, 
Ohio. 

HUMPHREYS, DAVID, Hydro-Elec. Supt. 
Engineer, Newfoundland Power & Paper Co., 
Ltd., Deer Lake, Newfoundland. 

HURLBUT, WARREN O., Elec. & Mech. Engg. 
& Maintenance, Gas & Electric Service Co., 
741 Broadway, Chico, Calif. 


HYAMS, LEONARD BENJAMIN, Gothem 
Electric & Supply Co., 3416 Broadway, New 
York ni oYe 

HYLE, LEWIS CALUIN, Emaus Telephone Co., 
Emaus, Pa. 

ISHIKAWA, KIYOSHI, Electrical Engineer, 


Shibaura Engineering Works, Tokio, Japan; 
International General Electric Co., Schenec- 


tady, N. Y. 
JARVIS, MARTIN MICHAEL, Electrical 
Laboratory, Burroughs Adding Machine, 


Second Blvd., Detroit, Mich. 

JIMENEZ, RUDOLPHO, Student Engineer, 
General Electric Co., Bldg. 41, Schenectady, 
Neve: 

JOHNSON, EDWARD LEONARD, Salesman, 
H. B. Squires Co., 552 1st Ave., S., Seattle, 
Wash. 

JOHNSON, R. H., Draftsman, Puget Sound 
Power & Light Co., Bremerton, Wash. 

*JOHNSON, ROBERT RAYMOND, Electrical 
Engineer, Engg. Dept., Duquesne Light Co., 
Pittsburgh, Pa. 

JOHNSON, WILL M., Electrician, Portland 
Electric Power Co., Hawthorne Bldg., Port- 
land, Ore. 

JUDGE, FRED GEORGE, Sales Engineer, Pierce 
Electric Co., 206 S. Franklin, Tampa, Fla. 

JUDY, EDWARD WINFIELD, General Supt. 
of Distribution, Duquesne Light Co., 
Duquesne Bldg., Cecil Way, Pittsburgh, Pa. 

KANE, MARTIN P., Industrial Dept., West- 
inghouse Elec. & Mfg. Co., East Pittsburgh, 
Pa. 

KELLERS, CHARLES FREDERICK, Testing 


Dept., General Electric Co., Schenectady, 
Nie Ac 
KEPPLE, KENNETH AUSTIN, Draftsman- 


Engineer, Westinghouse Elec. & Mfg. Co., 
East Pittsburgh; res., Jeannette, Pa. 

KILBURY, WALTER ASA, Switchboard Opera- 
.tor, Cleveland Electric Illuminating Co., 313 
Illuminating Bldg., Cleveland; res., Lake- 
wood, Ohio. 

KINCAID, MORLEY BERT, Draftsman, West- 
inghouse Elec. & Mfg. Co., Sharon, Pa. 
KING, J. J., Equipment Engineer, The Pacific 
Tel. & Tel. Co., Park & Burnside Sts., 

Portland, Ore. 
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KIRCHHOF, WALTER H., Meter Man, Phila- 
delphia Rapid Transit Co., 812 Sansom St., 
Philadelphia, Pa. 

KLINGENBERG, FINN, Electrical Designer, 
Thomas E. Murray, Inc., 55 Duane St., 
New York, N. Y. 

KNAUS, FRED, Contract Div., Lighting Dept., 
City of Seattle, 204 County City Bldg., 
Seattle, Wash. 

KNOWLES, HUGH S., Technical Service Bureau 
Popular Radio Inc., 627 W. 43rd St., New 
York nN, tY¥ 

KRAUSKOP, VICTOR O., Electrical Draughts- 

' man, American Electric Power Co., 15th 
& Chestnut Sts., Philadelphia; res., Narberth, 
Pa 

KURIYAN, JOHN, Jr., Student Engineer, 
General Electric Co., Schenectady, N. Y. 

LAUBE, LEROY FRANCIS, Testing Dept., 
General Electric Co., Schenectady, N. Y. 

LAVIGNE, FRANCIS ANTHONY, Interior 
Lighting Engineer, Westinghouse Elec. & 
Mfg. Co., 707, 1st National Bank Bldg., San 
Francisco, Calif. 

*LAVO, KENNETH EDWIN, Testing Dept., 
General Electric Co., Schenectady, N. Y. 
LIEBERT, SIDNEY FREDERICK ERNEST, 

Engineer, Postmaster-General’s Dept., Chief 
Electrical Engineer’s Branch, Commonwealth 
Bldgs., Treasury Gardens, Melbourne, Aus- 

tralia. 

LINDSTROM, CARL T., Design Engineer, 
Motor Engg. Dept., Westinghouse Elec. & 
Mfg. Co., East Pittsburgh; res., Wilkinsburg, 
Pa. : 

LINTON, STIG, Asst. Engineer, Stone & 
Webster, Inc., 147 Milk St., Boston, Mass. 

MABEE, GEORGE CHESTER, Appraisal Engi- 
neer, Murrie & Co., 130 E. 15th St., New 
York, N. Y.; res., Arlington, N. J. 

MACKAY, ALEXANDER, Sales Engineer, 
Transformer Dept.; Ferranti,. Ltd., Hollin- 
wood, Lancashire; res., Oldham, Eng. 

*MANAHAN, WILLIAM T., Student Electrical 
Engineer, Consolidated Gas, Electric Light 
& Power Co. of Baltimore, Madison & Con- 
stitution Sts., Baltimore, Md. 

MARSTEN, JESSE, Radio Engineer, Freed- 
Eisemann Radio Corp., 42 Flatbush Ave. 
Extension, Brooklyn, N. Y. 

MARTHAKIS, GEORGE’ SAMUEL, Testing 
Dept., General Electric Co., Schenectady, 
NG, YE 

MARTYN, CHARLES A., System Operator, 
Puget Sound Power & Light Co., 1306 A St., 
Tacoma, Wash. 

MASON, HIRAM RUSSELL, Student, Ohio 
State University, 16-1444 N. 4th St., Colum- 
bus, Ohio. 

MATELL, MOGENS TORKEL HJALMER, 
A. B. Bergslagens Gemensamma, Kraftfor- 
valtning, Vasteras, Sweden. 

MATHEWS, PHILIP W., Load Dispatcher, 
Duquesne Light Co., 435 Sixth Ave., Pitts- 
burgh, Pa. 

MATTHEWS, RALPH FAISON, 9 Warren St., 
Newark, N. J. 

MATHEWSON, DOUGLAS E., Draftsman, 
Lockwood Greene & Co. Inc., 100 E. 42nd St., 
New York, N. Y. 

McBRIDE, BRYON VICTOR, Engineer, 
Materials & Process Engg. Dept., Westing- 
house Elec. & Mfg. Co., East Pittsburgh; 
res., Irwin, Pa. 

McCAULEY, WIiLBERT MURDOCK. Dist. 
Manager, Railway & Industrial Engineering 
Co., 1207 Std. Life Bldg., Pittsburgh, Pa. 

McCREIGHT, ROBERT, Jr., Asst. Technical 
Director, Leeds & Northrup Co., 4901 
Stenton Ave., Philadelphia, Pa. 

McCUAIG, DONALD ALEXANDER, Junior 
Electrical Engineer, Stone & Webster, Inc., 
147 Milk St., Boston, Mass. 

McGUIRE, P. T., Load Dispatcher, Duquesne 
Light Co., 435 Sixth Ave., Pittsburgh, Pa. 

McINTOSH, RAYMOND SHELDON, Supt. 
of Electrical Construction, Cleveland Rail- 
way Co., Hanna Bldg., Cleveland, Ohio. 


INSTITUTE AND RELATED ACTIVITIES 


McKINLEY, J. G., Jr., ‘Asst. Radio Engineer, 
Radio Laboratory, West Penn Power Co., 
Connellsville, Pa. 

McNAIRY, JACOB WYATT, Railway Equip- 
ment Engg. Dept., General Electric Co., 
Schenectady, N.Y. 

McNICHALL, JOHN FRANCIS, Chief Elec- 
trician, Gould Storage Battery Co., Depew, 
ING 

MEANS, LESTER H., Asst. General Foreman, 
Testing Dept., General Electric Co., Schenec- 
tady, N.Y. 

MEISTER, MICHAEL H., Apprentice Engineer, 
Western Union Telegraph Co., Commercial 
Bldg., St. Louis, Mo. 

MERRY, FRANK STUART, Asst. Engineer, 
Distribution Dept., Toronto Hydro-Electric 
System, 225 Yonge St., Toronto, Ont., Can. 

METZ, WILLIAM R., Sales Engineer, Westing- 
house Elec. & Mfg. Co., 1400 Chamber of 
Commerce Bldg., Pittsburgh, Pa. 

MILKE, GUILLERMO NORMAN, Chief En- 
gineer, Compania de Electricidad de Merida, 
8. A., Merida, Yucatan, Mex. 

MITCHELL, JAMES MANN, Student Engi- 
neer, General Electric Co., 302 Lenox Road, 
Schenectady, N. Y. 

*MOLTER, DANIEL W. C., Asst. Engineer, 
Relay Dept., West Power Co., 14 Wood St., 
Pittsburgh; res., Avalon, Pa. 

MONROE, JOHN JOSEPH, Salesman, Westing- 
house Elec. & Mfg. Co., 30th & Walnut Sts., 
Philadelphia, Pa. 


MONROE, ROBERT WARNER, General Engi- . 


neer, Westinghouse Elec. & Mfg. Co., East 
Pittsburgh; for mail, Wilkinsburg, Pa. 
*MOORE, SIDNEY A., Electrical Engineer, 


Holeproof Hosiery Co., 404 Fowler St., 
Milwaukee, Wis. 
MORPHEY, LLOYD ALAN, Asst. Supt. of 


Portland Stations, Northwestern Electric Co., 
Pittock Block, Portland, Ore. 

MORSE, ALAN W., Draftsman, The Pacific 
Tel. & Tel. Co., 140 New Montgomery St., 
San Francisco, res., Santa Clara, Calif. 

MOYERS, CHARLES GUTHRIE, Asst. to 
Manager, Meter Dept., West Penn Power 
Co., 14 Wood St., Pittsburgh, Pa. 

*MOYLE, EDWARD, Student Engineer, Test 
Dept., General Electric Co., Schenectady, 
INRTY 

MUELLER, WALTER H., Toll Line Engineer, 
Pacific Tel. & Tel. Co., 800 Fairview Ave., 
Seattle, Wash. 

MUIR, WILLIAM L., Meter Foreman, Puget 
Sound Power & Light Co., 601 Capitol Way, 
Olympia, Wash. 

MUNTON, JOHN DAORE, Wire Chief, Atlantic 
Refining Co., 260 S. Broad St., Philadelphia, 
Pa. 

MURDOCK, HARRY W., Student Engineer, 
Testing Dept., General Electric Co., Schenec- 
tady, N.Y. 

MUZSNAY, VICTOR G., Electrical Diagram 
Man, Sanderson & Porter, Springdale; res., 
Wilkinsburg, Pa. 

*NEIGHBORS, GEORGE JEFFERSON, 
General Electric Co., Schenectady, N. Y. 

NELTHORPE, FRANK ALBERT, Jr., Asst. 
Dist. Engineer, Puget Sound Power & Light 
Co., 601 Electric Bldg., Seattle, Wash. 

NEWTON, LEROY F., Salesman, Fairbanks- 
Morse Co., 321 E. Taylor, Portland, Ore. 

OFFUTT, HENRY Y., Asst. Vice-President, 
First National Bank; Kentucky Title Co., 
Louisville, Ky. 

OPSAHL, ALERT MATHIAS, 
Assistant, Westinghouse Elec. 
East Pittsburgh, Pa. 

ORGELL, CHARLES G., Draftsman, United 
Gas Improvement Contracting Co., Guaranty 
Bldg., Broad & Cherry Sts., Philadelphia, 
Pa. 

OSTHOFF, LINSLEY HENRY, Dist. Plant 
Engineer, The Pacific Tel. & Tel. Co., 800 
Fairview Ave. N., Seattle, Wash. 


Laboratory 
& Mfg. Co., 
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PARADIS, ANTHONY, Engineer, The Pacific 
Tel. & Tel. Co., 800 Fairview Ave., Seattle, 


Wash. 
PATON, JAMES, Jr., Sales Representative, 
American Electrical Works, Phillipsdale, 


R. I1.; res., St. Louis, Mo. 

PAULUS, CLARENCE FRANCIS, Elec. Engg. 
Dept., Cleveland Electric Illuminating Co., 
Cleveland, Ohio. 

PEARSON, HAROLD ELMER, Student, Pratt 
Institute, Brooklyn, N. Y. 

PECK, FRANK M., Detail Load Dispatcher, 
Northern Ohio Power & Light Co., Akron, 
Ohio. 

PECK, JOHN L., General Electric Co., Erie; res., 
Wesleyville, Pa. 

PEDLEY, HOWARD L., Junior Electrical 
Engineer, Commonwealth Edison Co., 72 W. 
Adams St., Chicago, Ill. 

PERKS, JOHN A., Philadelphia Electric Co., 
2301 Market St., Philadelphia; res., Newton 
Square, Del. Co., Pa. 

*PERRY, RICHARD T., A. C. Engg. Dept., 
General Electric Co., Schenectady, N. Y. 
PHIPPS, PAUL, Inspector, Distribution Dept., 
Toronto Hydro-Electric System, Toronto, 

Ont,, Can. 

PISTORIUS, LEO HENRY, Commercial Elec- 
trical Engineer, British Thomson-Houston 
Co., Ltd., Rugby, Eng. 

PITT, FRANK ERNEST, Dist. Engineer, South 
Wales Electrical Power Distribution Co., 
Ltd., The Bungalow, Power Station, Cwm- 
bran, Monmouth Co., Eng. 

*PIXTON, WILLIAM GREEG, Testing Dept., 
General Electric Co., Schenectady, N. Y. 
PLA, RAMON 4A., Office Engineer, Signal Dept., 
Florida East Coast Railway Co., St. Augus- 

tine, Fla. 

PODGAINY, CHARLES, Radio Inspector, 
Freed-Eisemann Radio Corp., 40 Flatbush 
Extension, Brooklyn, N. Y. 

PONDAY, GOVIND PRASAD, Deputy Power 
Station Engineer, Chaba, Simla Municipality 

“Power Station, Simla Dist., Punjab, India. 

POWELL, HENRY TAYLOR, Electrical Engi- 
neer, Louisville Gas & Electric Co., Louis- 
ville, Ky. 

*PUGH, GRIFFITH CYRIL, Asst. Engineer, 
West Penn Power Co., 14 Wood S8t., Pitts- 
burgh: res., McKeesport, Pa. 

QUALLINS, GEORGE ANDREW, 
70th St., New York, N. Y. 

QUINN, JOHN T., Jn., Central Office Installer, 
New England Tel. & Tel. Co., 51 Inman St., 
Cambridge; res., Roxbury, Mass. 

RANKIN, G. D., Manager & Treasurer, The 
Hartford Faience Co., Hartford, Conn. 

RASMUSSEN, DAVID, Draftsman, Duquesne 
Light Co., Duquesne Bldg., Pittsburgh, Pa. 

*RASMUSSEN, WALTER, Service Dept., 
Tabulating Machine Co., 640 Mission St., 
San Francisco, Calif. 

REED, RAYMOND B., Asst. Electrical De- 
signer, Philadelphia Electric Co., 1035 
Chestnut St., Philadelphia, Pa. 

RICE, HAROLD E., General Engg. Dept., New 


237, WV. 


England Tel. & Tel. Co., 50 Oliver St., 
Boston; res., Somerville, Mass. 
RICHARDS, DANIEL, Electrician, Pennsyl- 
vania Power & Light Co., Hauto; res., 
Lansford, Pa. 
RICHARDSON, THOMAS PURDIE, Jr., 


Engineer, A. A., Merrick Engineering Serv- 
ice, Tryon, N. C. 

*ROBINSON, GEORGE WILLIAM, Testing 
Dept., General Electric Co., Schenectady, 
ING EYa 

ROBINSON, ROBERT BOWES, Section Engi- 
neer, Philadelphia Co., 435 6th Ave., 
Pittsburgh; res., East Liberty Sta., Pitts- 
burgh, Pa. 


*RORKE, CHARLES B., General Engineer, 


Westinghouse Elec. & Mfg. Co., East 
Pittsburgh; res., Pittsburgh, Pa. 
ROSS, DONALD G., Testing Dept., General 


Electric Co., Schenectady; res., Troy, N. Y. 
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ROTH, ARNOLD, Sous-directeur des Ateliers de 
Constructions electriques de Delle. Cie. 
gen. d’electricite, Chemin de Cyprian, 
Lyon-Villeurcanne, France. 

ROTH, JAMES DORSEY, Valuation Engineer, 
Duquesne Light Co., 435 Sixth Ave., Pitts- 
burgh, Pa. 

ROUDEBUSH, GEORGE H., Telephone Engi- 
neer, Ohio Bell Telephone Co., 4300 Euclid 
Ave., Cleveland, Ohio. 

RUDD, THEODORE OLIVER, 
Kerite Insulated Wire & Cable Co., 
Church St., New York, N. Y. 

RUPERT, C. L., System Operator, Duquesne 
Light Co., 435 Sixth Ave., Pittsburgh, Pa. 

RUSSELL, FREDERICK WILLIAM, Elec- 
trician, Construction Dept., Louisville Gas & 
Electric Co., Louisville, Ky. 

SAMSON, ROY, Supt., Line Dept., Puget Sound 
Power & Light Co., Pike Block, Bellingham, 
Wash. 

SASAKI, TOSHIO, Student, Mass. Institute of 
Technology, 281 Harvard St., Cambridge, 
Mass. 

*¥SATTENSTEIN, SIDNEY LINCOLN, Asst. 
Electrical Engineer, B. & F. Dept., Bethle- 
hem Steel Co., Bethlehem, Pa. 

SCHREIBER, ERNST H., Engineer, The Pacific 
Tel. & Tel. Co., Dexter Horton Bldg., 
Seattle, Wash. 

SCHROEDER, JOHN PAUL, Electrical Drafts- 
man, Pacific Gas & Electric Co., 245 Market 
St., San Francisco, Calif. 


Salesman, 
30 


SCHULTZ, CLARENCE FREDERICK, Load .- 


Dispatcher, Cleveland Railway Co., 733 
Hanna Bldg., Cleveland, Ohio. 
SHALLENBERGER, DANA KELL, System 


Operator, Beechbottom Power Co., Power, 
West Va. 

SHAW, JAMES LINCOLN, Foreman, Electrical 
Repair Shop, Bethlehem Steel Co., Lacka- 
wanna; for mail, Buffalo, N. Y. 

SILLERS, THOMAS GEORGE ARCHIBALD, 
Student Apprentice, Allis-Chalmers Mfg. Co., 
Milwaukee, Wis. 

SINDERSON, L. O., Asst. Foreman, Testing 
Dept., General Electric Co., Schenectady, 
INS Yi; 

SLATER, WILLIAM FAVRE, Consulting En- 
gineer, Osburn Monnett, 548 Elmwood Ave., 
Evanston, Ill.; res., Memphis, Tenn. 

SMITH, JAMES RODERICK, Electrical Con- 
struction Engineer, Louisville Gas & Electric 
Co., 119 N. 3rd St., Louisville, Ky. 

SMITH, PHILIP CARVER, Engineer, Westing- 
house Elec. & Mfg. Co., East Pittsburgh, Pa. 

SMITH, TRUEMAN TRYTHALL, Relay 
Tester, Puget Sound Power & Light Co., 
Electric Bldg., Seattle, Wash. 

SNOW, EARL CARL, Asst. Foreman, Switch- 
board & Control Dept., Louisville Gas & 
Electric Co., Louisville, Ky. 

SNYDER, CHARLES, Student Engineer, 
General Electric Co., Schenectady, N. Y. 

SNYDER, JOHN NICHOLAS, Supervisor of 
Installation, Duquesne Light Co., Duquesne 
Bldg., Pittsburgh; res., Crafton Heights, 
Pittsburgh, Pa. 

*SNYDER, REGINALD J., Engineer’s Assistant, 
Brooklyn Edison Co., Inc., 380 Pearl St., 
Brooklyn, N. Y. 

SORKE, WILLIAM STANLEY, Student, Bliss 
Electrical School, Washington, D. C.; res., 
Detroit, Mich. 

*SPAULDING, LELAND SEIWELL, Elec- 
trician-Draftsman, Merkle Bank Bldg., 
Hazleton, Pa. 

SPEAR, HIRAM E., Chief Draftsman, South- 
western Dist., Puget Sound Power & Light 
Co., Tacoma, Wash. 

SPRAGUE, CARLTON STANLEY, Research 
Assistant, Eng. Ext. Dept., Purdue Univer- 
sity, Lafayette, Ind. 

SPROULE, HAROLD C., Electrical Substation 
Designer, Philadelphia Electric Co., 10th 
& Chestnut Sts., Philadelphia, Pa. 


INSTITUTE AND RELATED ACTIVITIES 


STACY, ROBERT P., Asst. to Vice-President, 
Duquesne Light Co., 485 Sixth Ave., Pitts- 
burgh, Pa. 

STENKVIST, KARL EMIL, Chief Engineer, 
Allmanna Svenska Electric Co., Ludvika, 
Sweden. 

STORMS, CHARLES ARBA, Testing Dept., 
General Electric Co., Schenectady; res. 
Balston Lake, N. Y. 

SUMNER, MERTON ROGERS, Construction 
Engineer, Philadelphia Co., 435 Sixth Ave., 
Pittsburgh, Pa. 

SZONTAGH, JOHN R., Mechanical Draftsman, 
Switchboard Engg. Dept., General Electric 
Co., 6801 Elmwoood Ave., Philadelphia, Pa. 

TAVENNER, W. B., Outside Salesman, Graybar 
Electric Co., 301 E. 8th St., Los Angeles, 
Calif. 

TENNANT, RAYMOND JOHN JEFFERSON, 
Junior Design Engineer, Duquesne Light Co., 
635 Sixth Ave., Pittsburgh, Pa. 

THAYER, HARRY CURTIS, Jr., Student 
Engineer, Testing Dept., General Electric 
Co., Schenectady, N. Y. 

THAYER, RAYMOND C., Telephone Engi- 
neer, Great Northern Railway Co., 820 
Great Northern Bldg., St. Paul, Minn. 

THEDNIGA, HENRY H., Manufacturer’s 
Agent, 314 Seneca St., Seattle, Wash. 

THOMPSON, ARTHUR WEBSTER, President, 
Philadelphia Co., 435 6th Ave., Pittsburgh, 
Pa. 

THOMPSON, LAMBERT ATHELSTAN, Com- 
mercial Power Engineer, Sales Dept., Puget 
Sound Power & Light Co., Electric Bldg., 
Seattle, Wash. 

THOMPSON, SYDNEY, Agent, Westinghouse 
Elec. International Co., Johannesburg, S. 
Africa, 

THOMSON, JOSEPH FRASER F., Student 
Engineer, Testing Dept., General Electric Co., 
Schenectady, N. Y. 

TIENKEN, WILLIAM JOHN, Jr., 
Pratt Institute, Brooklyn, N. Y. 

TROXEL, FRANKLIN DALE, Electrical Engi- 
neer, Sargent & Lundy, Inc., 72 W. Adams 
St., Chicago, Ill. 

*TSOU, TSONG YUA, Erecting Engineer, 
Anderson & Meyer Co., Shanghai; Kiushing 
Cotton Mill, Kiukiang, Kiang-si, China. 

TUCKER, JAMES ROBERT, Railroad Drafts- 
man, Southern Pacific Co., Annex ‘“C”’, 
Old Post Office Bldg., San Francisco, Calif. 

UHLRIG, HARRY WILLIAM, Testing Dept., 
General Electric Co., Schenectady, N. Y. 

VAN HUYSEN, JOHN WILLIAM, Sales Engi- 
neer, Garland Affoller Engineering Corp., 
807 Alaska Bldg., Seattle, Wash. 

WALKER, ANGUS JOSEPH, Testing Dept., 
Wireless Specialty Apparatus Co., 76 Ather- 


Student, 


ton St., Jamaica Plain; res., Dorchester, 
Mass. 
*WALTHER, GEORGE J., Testing Dept., 


General Electric Co., Schenectady, N. Y. 

*WALTON, IVAN R., Control Engineer, West- 
inghouse Elec. & Mfg. Co., East Pittsburgh; 
res., Wilkinsburg, Pa. 

WARNER, CLARENCE WILBUR, Student 
Engineer, Testing Dept., General Electric 
Co., Schenectady, N. Y. 

*WATANABE, JOHN SHIGEZO, Graduate 
Student, Mass. Institute of Technology, 408 
Craigie Hall, Cambridge, Mass. 

WECKEL, GEORGE HERMAN, 
Dept., General Electric Co., 
INK, NG 

WEIGAND, WILLIAM F., Jr., Asst. Traffic 
Engineer, Philadelphia Rapid Transit Co., 
1520 Spruce St., Philadelphia; res., Lans- 
downe, Pa. 

*WELLMAN, BERTRAM, Student Engineer, 
General Electric Co., Schenectady, N. Y.; for 
mail, Springfield, Mass. 

WELLS, JOHN P., Sales Engineer, Century Elec- 
tric Co., 1806 Pine St., St. Louis, Mo. 

WEST, JOSPEH JI., Manager, The Litchfield 
Electric Light & Power Co., North St., 
Litchfield, Conn. 


Testing 
Schenectady, 


Journal A. I. E. E. 


*WHITE, EDWARD, Central Office Equipment 
Engineer, New England Tel. & Tel. Co., 
50 Oliver St., Boston; res., Atlantic, Mass. 

WHITE, EUGENE L., Radio & © Telephone 
Inspector, Puget Sound Power & Light Co., 
Electric Bldg., Seattle, Wash. 

WHITEMAN, WILLIAM AMBROSE, Asst. 
Supt., Substations Terr ‘‘C’’, Monongahela 
West Penn Public Service Co., Wellsburg, 
West Va. 

WICKERSHAM, W. ROY, Electrical Engineer, 
Westinghouse Elec. & Mfg. Co., East Pitts- 
burgh; res., Swissvale, Pa. 

WILLIAMSON, WILLIAM S., Superintendent 
of Buildings, Prudential Insurance Company, 
Broad & Bank Streets, Newark, N. J. 

WILLITS, ROBERT FORD, Foreman Operator, 
Public Service Electric & Gas Co., Broadway 
& Atlantic Ave., Camden, N. J. 

WILTSHIRE, ARTHUR J., Draughtsman, 
Marvel Equipment Co., 8810 Harvard Ave., 
Cleveland, Ohio. 

WOOD, GEOFFREY EDGAR, Production 


Engineer, Westinghouse Lamp Co., New 
Yorkin. Y. 

WRIGHT CHARLES THOMAS, Chief Elec- 
trician, The Pennsylvania-Ohio Power & 
Light Co., Toronto, Ont., Can. 

WRIGHT, ROBERT B., Draftsman, Puget 


Sound Power & Light Co., 7th & Olive Sts., 
Seattle, Wash. 

YODER, NORMAN W., Instrument Maker, 
Leeds & Northrup Co., 4901 Stenton Ave., 
Philadelphia, Pa. 

ZIERDT, CONRAD H., Engineering Dept., 
Union Switch & Signal Co., Swissvale, Pa. 

Total 334. 

*Formerly enrolled students 


ASSOCIATES REELECTED JUNE 23, 1926 


BANAN, HORACE FREDERICK, Paper & 
Rubber Mill Engineer, Westinghouse Elec. & 
Mfg. Co., 10 High St., Boston, Mass. 

BRAITHWAITE, WILLIAM S&., Electrical 
Engineer, Edison Electric [Illuminating Co., 
39 Boylston St., Boston, Mass. 

BUCHANAN, ELMER CLARENCE, Engg. 
Dept., The Pacific Tel. & Tel. Co., 380 
Burnside St., Portland, Ore. 

CARTER, THOMAS BAILEY, Division Plant 
Engineer, Cumberland Tel. & Tel. Com- 
pany, 1101 Repbulic Bldg., Louisville, Ky. 

COTTRELL, WILLIAM J., Manager, Allied 
Industires, Inc., 53, 4th St., Portland, Ore. 

DRUMMOND, ALFRED JOHN, Engg. Dept., 
The United Gas Improvement Contracting 
Co., Broad & Arch Sts., Philadelphia; res., 
Upper Darby, Pa. 

SHERER, CLAYTON M.., Asst. in Testing Dept., 
Pennsylvania Water & Power Co., Holtwood, 
IPas 

WOODHOUSE, GEORGE E., Supt., Hydro- 
Electro Power Commission, 451 Davenport 
Road, Toronto, Ont., Can. 


MEMBER REELECTED JUNE 23, 1926 

BODGE, HAROLD H., Power Engineer, Fall 
River Electric Light Co., 65 N. Main St., 
Fall River, Mass. 


MEMBERS ELECTED JUNE 23, 1926 

BIRD, CLARENCE ARTHUR, Asst. Planning 
Engineer, The Detroit Edison Co., 2000 
2nd St., Detroit, Mich. 

DIBBLEE, JOHN, Operating Engineer, Hydro- 
Electric Power Commission of Ontario, 
Niagara Falls, Ont. Can. . 

FORREST, FRANK, Chief Asst. Elec. Engineer, 
Electric Supply Dept., Birmingham Corp., 
14 Dale End, Birmingham, Eng. 

GARVIN, JOHN ST. CLAIR, Telephone Engi- 
neer, Bell Telephone Laboratories, Inc., 
463 West St., New York, N. Y.; res., Bogota, 
N.J. 

GRAVES, JAMES MADISON, Vice-President & 
General Manager, Duquesne Light Co., 
435 Sixth Ave., Pittsburgh, Pa. 


July 1926 ° 


HICKS, LEROY VERNON, Manager, Switch- 
board & Control Div., Service Dept., 
Westinghouse Elec. & Mfg. Co., East Pitts- 
burgh; res., Wilkinsburg, Pa. 

LOTT, HARRY CHICKALL, Engineer, Balfour, 
Beatty & Co., Ltd., 66 Queen St., London, E. 
C. 4, Eng. 

LOUGHRIDGE, CLYDE HIGBEE, Consulting 
Engineer, 1900 Euclid Ave., Cleveland, Ohio. 

PHILLIPS, ELLIS LAURUMORE, President, 
E. L. Phillips & Co., 50 Church St., New 
York, N. Y. 

THOMSON, STANLEY ERIE, Operating Supt., 
Hydro-Electric Power Commission, Niagara 
Falls, Ont., Can. 


TRANSFERRED TO GRADE OF FELLOW 
JUNE 23, 1926 


BEDELL, FREDERICK, Professor of Applied 
Electricity, Cornell University, Ithaca, N. Y. 

BOYAJIAN, ARAM, Electrical Engineer, General 
Electric Co., Pittsfield, Mass. 

DAVIDSON, WARD F., Research Engineer, 
Brooklyn Edison Co., Brooklyn, N. Y. 

FONDILLER, WILLIAM, in charge, General 
Development Laboratory, Bell Telephone 
Laboratories, New York, N. Y. 

HUBLEY, GEORGE W., Consulting 
Advisory Engineer, Louisville, Ky. 

MARRIOTT, ROBERT H., Consulting Engi- 
neer, New York, N. Y. 
RICHARDS, WILLIAM E., Supt., Electrical 
Dept., Toledo Edison Co., Toledo, Ohio. 
STRENG, LEWIS S., Vice-President in charge of 
Operation, Louisville Gas & Electric Co., 
Louisville, Ky. 

THOMAS, GEORGE N., Contract Engineer and 
Supt. of Construction, Canadian General 
Electric Co., Ltd., Toronto, Ont. 


and 


TRANSFERRED TO GRADE OF MEMBER 
JUNE 23, 1926 
AMES, NORMAN B., Assistant Professor of 
Electrical Engineering, George Washington 
University, Washington, D.C. 


BAILEY, RAYMOND, Chief Electrical De- 
signer, Philadelphia Electric Co., Phila- 
delphia, Pa. 


BULLARD, WILLIAM BR., Assistant Engineer, 
Electric Bond & Share Co., New York, N. Y. 

CAMPBELL, THADDEUS C., Telephone Engi- 
neer, Systems Development Dept., Bell 
Telephone Laboratories, New York, N. Y. 


CELIS, ATILIO, .Manager-Engineer, San Juan 


Office of International General Electric 
Co., Inc., San Juan, P. R. 

CHADWICK, RALPH H., Section Head, 
Transformer Engineering Dept., General 


Electric Co., Fort Wayne, Ind. 

CLEARY, LEO H.., Electrical Engineer, Standard 
Engineering Co., Washington, D.C. 

CRESSEY, JOHN A., Control Engineer, South 
Wales Power Co., Pontypridd, Glamorgan, 
England. 

EDISON, OSKAR E., 
Electrical Engineering, 
braska, Lincoln, Neb. 

FEDER, JOSEPH B., Electrical Engineer, Chas. 
Cory & Son, Inc., New York, N. Y. 

GARRISON, DWIGHT, Supt., Telephone Dept., 
Atlantic Refining Co., Philadelphia, Pa. 

GAYLORD, JOHN C., Electrical Engineer, 
Southern California Edison Co., Los Angeles, 
Calif. 

GORDON, LESLIE B., Chief Electrical and 
Power Engineer, Kelly-Springfield Tire Co., 
Cumberland, Md. 

HALPENNY, R. H., Electrical Engineer’ 
Southern Sierras Power Co., Riverside, Calif. 

HAMILTON, JAMES T., Supt. of Equipment, 
New York, Westchester & Boston R. R., 
New York & Stamford Ry. Co., Westchester 
Street Ry. Co., New York, N. Y. 

HECHT, J. BERNARD, Outside Plant Engineer, 
Tri-State Tel. & Tel. Co., St. Paul, Minn. 


Associate Professor of 
University of Ne- 


INSTITUTE AND RELATED ACTIVITIES 


HEILBRUN,; RICHARD, Head of firm, Dr. 
Richard Heilbrun, Manufacturer of Electric 
Appliances, Berlin, Germany. 

HENTZ, ROBERT A., Electrical Engineer, 
Philadelphia Electric Co., Philadelphia, Pa. 

HESTER, EDGAR A., Transmission Planning 
Engineer, Duquesne Light Co., Pittsburgh, 
Pa: 

HODTUM, JOSEPH B., Sales Engineer, Pitts- 
burgh Transformer Co., Pittsburgh, Pa. 
HOWK, CLARENCE L., Telephone Engineer, 
International Standards Electric Corp., 

New York, N. Y. 

HULL, BLAKE D., Transmission & Protection 
Engineer, Southwestern Bell Telephone Co., 
St. Louis, Mo. 

KARCHER, E. KENNETH, Chief Electrical 
Engineer, Utica Gas & Electric Co., Utica, 
INNS 

KENNEDY, S. M., Vice-President, Southern 
California Edison Co., Los Angeles, Calif. 

KEPHART, CALVIN I., Senior Examiner, 
(Valuation), Interstate Commerce Commis- 
sion, Washington, D.C. 

KNUDSEN, H. A., Electrical & Mechanical 
Engineer, East Bay Municipal Utility 
District, Oakland, Calif. 

KOCH, M. McK., Supt. Electric Distribution, 
Public Service Co. of Colorado, Denver, Colo. 

LOUIS, H. C., Chief of Research & Test, Con- 
solidated Gas Electric Light & Power Co., 
Baltimore, Md. 

MacNAUGHTON, A. K., Supt. of Distribution, 
Blackstone Valley Gas & Electric Co., 
Pawtucket, R. I. 

McCLELLAN, LESLIE N., Electrical Engineer, 
U. S. Bureau of Reclamation, Denver, Colo. 

McILVAINE, H. A., Engineer, Cleveland 
Vacuum Tube Works, Cleveland, O. 

McROBBIE, HENRY W., Supt. Substations, 
West Penn Power Co., Connellsville, Pa. 


NELSON, EDWARD L., Engineer, Bell Tele- 
phone Laboratories, New York, N. Y. 


SIMONS, DONALD M., Development Engi- 
neer, Standard Underground Cable Co., 
Pittaburgh, Pa. 


SIMS, WILLIAM F., Field Engineer, Generating 
Stations, Commonwealth Edison Co., Chi- 
cago, Ill. ; 

STEBBINS, ALDEN H., Electrical’ Engineer, 
Edward Ford Plate Glass Co., Rossford, 
Ohio. 


STINER, H. WRAY, Commercial Engineer, 
General Electric Co., Cleveland, O. 

VAN BOKKELEN, WILLIAM RB., Chief Engi- 
neer, Coast Counties Gas & Electric Co., 
San Francisco, Calif. 


APPLICATIONS FOR ELECTION 


Applications have been received by the Sec- 
retary from the following candidates for election 
to membership in the Institute. Unless otherwise 
indicated, the applicant has applied for admis- 
sion as an Associate. If the applicant has applied 
for direct admission to a higher grade than Assoc- 
ciate, the grade follows immediately after the 
name. Any member objecting to the election 
of any of these candidates should so inform the 
Secretary before July 31, 1926. 


Allen, R. L., Archbold-Brady Co., Syracuse, N. Y. 

Anderson, C., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Baeckler, W., National Carbon Co., Lakewood, 
Ohio 

Banks, H. O., Hartford Steam Boiler Inspection 
& Ins. Co., New York, N. Y. 

Bennett, R. S., General Electric Co., Cincinnati, 
Ohio \ 

Bramblett, P. F., Northwestern Light & Power 
Co., Sibley, lowa 

Butterworth, R. I., Bristol Gas & Electric Co., 
Bristol, Tenn. 

Carrasco-Zanini, J., Mexican Light & Power Co., 
Ltd., Mexico, D. F. 

Cecchetti, F., General Electric Co., Schenectady, 
INGLY: 
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Chang, Z. Z., Westinghouse Elec. & Mfg. Co., 
Sharon, Pa. 

Curtis, H. C., Cutler-Hammer Mfg. Co., Mil- 
waukee, Wis. 

de Mulinen, E. F. H., American Brown Boveri 
Electric Corp., Camden, N. J. 

Donovan, W., General Electric Co., Ltd., Phila- 
delphia, Pa. 

Dunkelberg, P. R., Illinois Central Railroad Co., 
Chicago, Ill. 

Dunlap, B., Ozork Pipe Line, Ponca City, Okla. 

Fogg, L. E., American Electrical Works, Phillips- 
dale, R. I. 

Gattiker, C. H., The New York Edison Co., 
NewYork, N. Y. 

Gilbert, C. F., Canadian Crocker-Wheeler Co., 
Ltd., St. Catharines, Ont., Can. 


Gilroy, J. R., Commonwealth Edison Co., 
Chicago, Ill. 

Gray, W. S., Stone & Webster, Inc., Boston, 
Mass. 


Gronvold, I. J., Neil Electric Co., Isleton, Calif. 

Haentjens, O., Barrett, Haentjens & Co., Hazle- 
ton, Pa. 

Hall, I. E., (Member), 
Bethlehem, Pa. 

Hammond, R. J., The Pacific Tel. & Tel. Co., 
Los Angeles, Calif. 

Hastings, D. F., Rossiter, Tuler & McDonnell, 
New York, N. Y. 

Heintz, W. T., Automatic Electric Co., 427 Bourse 
Bldg., Philadelphia, Pa. 

Herne, W. W., Great Western Power Co., San 
Francisco, Calif. 

Hildebrandt, J. L., Consolidated Elec. Lt. & Pr. 
Co., Baltimore, Md. 

Hudd, A. E., Automatic Electric Inc., Chicago, 
JHU, 

Humphries, P. H., Harvard University, 
bridge, Mass. 

Ischinger, A. E., with Joshua R. H. Potts, Phila- 
delphia, Pa. 

Jones, R. E., (Member), Hydro-Elec. Power 
Commission of Ontario, Toronto, Ont., Can. 

Kohlhepp, W. S., Cumberland Tel. & Tel. Co., 
Louisville, Ky. 

Larkin, J. J., Brooklyn-Manhattan 
Brooklyn, N. Y. 

Lessing, O., Counties Gas & Electric Co., Norris- 


Roller-Smith Co., 


Cam- 


Corp., 


town, Pa. 
Long, M., Bell Telephone Co. of Pa., Philadelphia, 
Pa. 


MacCormick, C. M. C., General Electric Co., 
Schenectady, N. Y. 

Mahnke, K., Pennsylvania Power & Light Co., 
Williamsport, Pa. 

Mahoney, J. F., Brooklyn Edison Co., Brooklyn, 
NYS 

Marquardt, M., Electrician, Passaic, N. J. 

Nakamura, H., Toho Electric Power Co., Tokio, 
Japan; (For mail, Wilkinsburg, Pa.) 

Nivin, D. G., (Member), Chief Elec. Inspector, 

* City of Miami, Miami, Fla. 

Palm, I. R., Sargent & Lundy, Chicago, Ill. 

Patrick, R. A., Truckee River Power Co., Reno, 
Nev. 
Pinckert, W. F., Draftsman, 
San Francisco, Calif. 
Rehwaldt, A. W., Sargent & Lundy, Chicago, Ill. 
(Applicant for re-election.) 

Robinson, C. C., (Member), Member of Firm, 
C. M. Robinson, Richmond, Va. 

Rogers, F. H., Consolidated Gas & Electric Co., 
Baltimore, Md. 

Rudorff, D. W., Mexican Light & Power Co., Ltd., 
Necaxa, Puebla, Mex. 

Scharf, P. B., Goodyear Industrial University, 
Akron, Ohio 

Schuman, J. J., (Member), The Edison Elec. Il. 
Co. of Boston, Boston, Mass. 

Skelton, W. J., Wisconsin Telephone Co., Mil- 
waukee, Wis. 

Souza, V., Contratista de Instalaciones, Mexico 
City, Mex. 

Staggs, N. K., The Telephone Engineering & 
Equipment Co., Seattle, Wash. 

Stotler, E. J., Sears, Roebuck & Co., Newark, N.J. 
(Applicant for re-election.) 
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Swanson, E. R., Wisconsin Power & Light Co., 
Fond du Lac, Wis. 
Tandberg, L. G., Wagner Electric Corp., Los 


Angeles, Calif. 
Tillquist, D., New York Telephone Co., New 
York: wNe <n 


Terhune, W. I., Public Service Production Co., 

. Newark, N. J. 

Tulloss, J. C., (Member), 50 Vanderbilt Ave., 
New York, N. Y. 

Watts, W. E. G., (Member), Luscar Collieries, 
Luscar via Edmonton, Alta, Can, 

Way, R. S., Worcester Suburban Electric Co., 
Uxbridge, Mass. 

Weaver, R. A., Cincinnati & Suburban Bell Tel. 


Cincinnati, Ohio 
Whisenand, O. B., Citizens Gas Co., Indianapolis, 
Ind. 


White, W. C., (Member), Cumberland Tel. & Tel. 
Co., Louisville, Ky. 


Zorn, F. W., (Member), American Laundry 
Machinery Co., New York, N. Y. 
Total 66. 
Foreign 


Anthony, P. A. W., with A. E. Harding Frew, 
Brisbane, Queensland, Aust. 

Baxendale, F., British-Thomson Co., 
Rugby, Eng. 

Bucktin, F. C., Springs-Ellesmere Power Board, 
Templeton, Christchurch, N. Z. 

Crane, 8S. F., Southland Electric Power Board, 
Invercargill, N. Z. 

Dobbs, L. J., Southland Electric Power Board, 
Invercargill, N. Z. 

Evans, H. C. H., Newcastle City Council, New- 
castle, N. S. Wales, Aust. 

Keenan, H. B., Waiarapa Electric Power Board, 
Carterton, N. Z. 

Maneckji, J. B., (Member), Industrial Engr. & 
Advisor, Bombay, India 


Ltd., 


INSTITUTE AND RELATED ACTIVITIES 


Master, J. J., Tata Hydro & Andhra Valley Elec. 
Pr. Supply Co., Bombay, India 

Masu, S., Toho Electric Power Co., Tokio, Japan 

Pergler, F., Chief Engineer, City of Prague, 
Prague, Czechoslovakia 

Pradhan, G. K., Baroda State’s Power House, 
Baroda, India ; 

Tzichevsky, J. <A., Elec. Station Constr., 
U; SiS: R&R. Gov't:, Moscow, U.S. S: R- 
Russia 

Wight, W. C., Municipal 
Idgah, Simla, India 

Total 14 


Electricity Dept., 


STUDENTS ENROLLED 


Balkow, Cecil, Univ. of Idaho 

Billman, Albert G., South Dakota State College 
Birkett, Charles M., School of Engg. of Milwaukee 
Brienza, Anthony, Columbia Univ. 

Brown, Cecil L., Univ. of Idaho 

Boynton, Robert D.,Stanford Univ. 

Caruthers, Lawrence H., Yale Univ. 

Caven, Waldo E., Carnegie Tech. 

Chable, William J., Virginia Military Inst. 
Clendenin, Arthur M., Univ. of Nebraska 
Cosentine, Louis G., Univ. of Wisconsin 


’ Curtis Lorin, Univ. of Idaho 


Delaplane, R. Reyburn, Purdue Univ. 

De Roo, Howard Drummond, Mass. Inst. of Tech. 
Dodd, Samuel A., Cornell Univ. 

Elliott, Robert G., Univ. of Idaho 

Ernsberger, Edward L., Univ. of Idaho 

Evans, Edmund A., Rensselaer Poly. Inst. 
Fisher, John H., Northeastern Univ. 

Francis, M. Clifford, Univ. of Missouri 

Haber, Frank L., Univ. of Wisconsin. 

Hall, Clarence F., Rensselaer Polytechnic Institute 
Harman, Leonard F., Univ. of Idaho 

Hayward, Doyle E., Univ. of Idaho 

Hertsche, Jr., J. C., Stanford Univ. 

Hockings, Clarence E., Univ. of Wisconsin 
Holbrook, Joseph T., Univ. of Idaho 


Journal A. I. E. E 


Immer, William L., Univ. of Kansas 

Justus, Chester L., Univ. of Idaho 

Kellogg, Cyrene W., School of Engg. of Milwaukee 

Kirk, Royal B., Purdue Univ. 

Krueger, Adolph, School of Engg. of Milwaukee 

Kuntz, William R., Penn. State College 

Lamphere, Phineas H., Univ. of Idaho 

Lanier, John S., Harvard Univ. 

Lebowitz, Samuel, Univ. of Maryland 

Lovewell, Kermit M., Univ. of Wisconsin 

MacDonald, Charles, Pennsylvania State College 

Malpass, Donald, Penn. State College 

McKim, James B., Stanford Univ. 

Menconi, Leonard, Cornell University 

Morris, Edson L., Univ. of Idaho 

Mushlitz, Arba R., Univ. of Idaho 

Nerenberg, Albert C., Univ. of Michigan 

Noecker, Cecil C., Michigan State College 

Olmsted, Joseph N., Univ. of Colorado 

Olson, Melvin C., Univ. of Wisconsin. 

Orsborn, Forrest M., Univ. of Colorado 

Patchen, Roy R., Univ. of Idaho 

Phelps, John C., Michigan State College 

Poch, Waldemar J., Univ. of Michigan 

Porter, Ralph E., Univ. of Missouri 

Ream, John Rodney, Uniy. of Utah 

Reid, Edward M., Oklahoma A. & M. College 

Rutherford, Francis H., Mass. Inst. of Tech. 

Samida, David A., School of Engg. of Milwaukee 

Schuttler, Norman N., Univ. of Idaho 

Snyder, Ralph J., School of Engg. of Milwaukee 

Solodoff, Vasily J., Oregon Agri. College 

Stanton, Wyllys G., Yale Univ. 

Stringham, Reed M., Univ. of Utah 

Taylor, Richard H., Univ. of Idaho 

Thomason, Jesse L., Univ. of Idaho 

Van Denburg, Cornelius G., School of Engg. of 
Milwaukee 

Verderame, John, Northeastern Univ. 

White, Martin H., Univ. of Maryland 

Wood, Ernest P., Worcester Poly. Tech. 


Total 67 
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President 
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CoLuMBIA UNIVERSITY SCHOLARSHIP, W. I. Slichter 
AWARD OF INSTITUTE PrRizEs, E. B. Meyer 
Sarety CopEs, Paul Spencer 


SPECIAL COMMITTEES 


LICENSING OF ENGINEERS, Francis Blossom 
TECHNICAL ActTiviTiEs, A. G. Pierce 


Junior Past Presidents 


FARLEY OSGOOD HARRIS J, RYAN 


Vice-Presidents 


TECHNICAL COMMITTEES AND CHAIRMEN 


HAROLD B. SMITH 
EDWARD BENNETT 
JOHN HARISBERGER 


P. M. DOWNING 
HERBERT S. SANDS 
W. E. MITCHELL 


L. F. MOREHOUSE 
H. W. EALES 


‘ARTHUR G. PIERCE 
W. P. DOBSON 


Managers 


JOHN B. WHITEHEAD 
J. M. BRYANT 

E. B. MERRIAM 

M. M. FOWLER 

H. A. KIDDER 

E. C. STONE 


H. M. HOBART 

ERNEST LUNN 

G. L. KNIGHT 

WILLIAM M. McCONAHEY 
W. K. VANDERPOEL 

H. P. CHARLESWORTH 


National Treasurer 
GEORGE A. HAMILTON 


National Secretary 
F. L. HUTCHINSON 


Honorary Secretary 
RALPH W. POPE 


LOCAL HONORARY SECRETARIES 


T. J. Fleming, Calle B. Mitre 519, Buenos Aires, Argentina, S. A. 

Carroll M. Mauseau, Caixa Postal No. 571, Rio de Janiero, Brazil, S. A. 
Charles le Maistre, 28 Victoria St., London, S. W. 1, England. 

A.S. Garfield, 45 Bd. Beausejour, Paris 16 E, France. 

F. W. Willis, Tata Power Companies, Bombay House, Bombay, India. 
Guido Semenza, 39 Via Monte Napoleone, Milan, Italy. 

P. H. Powell, Canterbury College, Christchurch, New Zealand. 

Axel F. Enstrom, 24a Grefturegatan, Stockholm, Sweden. 

W. Elsdon-Dew, P. O. Box 4563, Johannesburg, Transvaal, Africa. 


A. I, E. E. COMMITTEES 


(A list of the personnel of Institute committees may be found 
issue of the JOURNAL.) 


in the June 


GENERAL STANDING COMMITTEES AND CHAIRMEN 


Executive, M. I. Pupin 

Finance, G. L. Knight 

MEETINGS AND Papers, E. B. Meyer 

Pus.icaTion, L. F. Morehouse 

CoorDINATION OF INSTITUTE ACTIVITIES, Farley Osgood 
BOARD OF EXAMINERS, Erich Hausmann 

Sections, Harold B. Smith 

STUDENT BRANCHES, C. E. Magnusson 

MEMBERSHIP, J. L. Woodress 

Heapquarters, H. A. Kidder 

Law, W. I. Slichter 

Pustic Poticy, Gano Dunn 

Stanparps, H. S. Osborne 

EpiIson MEDAL, Gano Dunn 

CopE OF PRINCIPLES OF PROFESSIONAL ConpbucrT, John W. Lieb 


CommunicaTIon, H. P. Charlesworth 

EpucaTion, Harold Pender 

ELECTRICAL MAcHINERY, H. M. Hobart 

ELECTROCHEMISTRY AND ELECTROMETALLURGY, George W. Vinal 
Evectropuysics, J. H. Morecroft 

INSTRUMENTS AND MEASUREMENTS, A. E. Knowlton 
APPLICATIONS TO IRON AND STEEL PropuctTIoON, F. B. Crosby 
PRODUCTION AND APPLICATION OF LIGHT, Preston S. Millar 
APPLICATIONS TO MARINE Work, L. C. Brooks 

APPLICATIONS TO MINING Work, F., L. Stone 

GENERAL POWER APPLICATIONS, A. M. MacCutcheon 

PoweER GENERATION, Vern E. Alden 

POWER TRANSMISSION AND DISTRIBUTION, Percy H. Thomas 
PROTECTIVE Devices, E. C. Stone 

RESEARCH, John B. Whitehead 

TRANSPORTATION, Cary T. Hutchinson 


A. I. E. E. REPRESENTATION 


.(The Institute is represented on the following bodies; the names of the 
representatives may be found in the June issue of the JOURNAL.) 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE, COUNCIL 

AMERICAN BUREAU OF WELDING 

AMERICAN COMMITTEE ON ELECTROLYSIS 4 

AMERICAN ENGINEERING COUNCIL 

AMERICAN ENGINEERING STANDARDS COMMITTEE 

AMERICAN MARINE STANDARDS COMMITTEE 

AMERICAN YEAR Book, ADVISORY BOARD 

APPARATUS MAKERS AND USERS COMMITTEE 

BOARD OF TRUSTEES, UNITED ENGINEERING SOCIETY 

CHARLES A. COFFIN FELLOWSHIP AND RESEARCH FUND COMMITTEE 

COMMITTEE ON ELIMINATION OF FATIGUE, SOCIETY OF INDUSTRIAL ENGINEERS 

ENGINEERING FOUNDATION BOARD 

JOHN Fritz MEDAL BOARD OF AWARD 

JoINT COMMITTEE ON WELDED RAIL JOINTS 

JOINT CONFERENCE COMMITTEE OF FouR FOUNDER SOCIETIES 

LIBRARY BOARD, UNITED ENGINEERING SOCIETY 

NATIONAL FIRE PROTECTION ASSOCIATION, ELECTRICAL COMMITTEE 

NATIONAL FrRE WASTE COUNCIL 

NATIONAL MUSEUM OF ENGINEERING AND INDUSTRY, BOARD OF TRUSTEES 

NATIONAL RESEARCH COUNCIL, ENGINEERING DIVISION 

NATIONAL SAFETY COUNCIL, ELECTRICAL COMMITTEE OF ENGINEERING SECTION 

THE NEWCOMEN SOCIETY 

Rapio ADviIsORY COMMITTEE, BUREAU OF STANDARDS 

SOCIETY FOR THE PROMOTION OF ENGINEERING EDUCATION, BOARD OF INVESTI- 
GATION AND COORDINATION 

U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL ELECTROTECHNICAL 
COMMISSION 

U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL ILLUMINATION COM- 
MISSION 

WASHINGTON AWARD, COMMISSION OF 


LIST OF SECTIONS 


Name Chairman Secretary 

Akron Ralph Higgins John Grotzinger, 64 Marguerite 
Ave., Cuyahoga Falls, Ohio 

Atlanta W. E. Gathright W. F. Oliver,Box 2211,Atlanta,Ga. 

Baltimore W.B.Kouwenhoven R. T. Greer, Madison St. Build- 
ing, Baltimore, Md. 

Boston J. W. Kidder W. H. Colburn, 39 Boylston 
Street, Boston, Mass. 

Chicago Carl Lee B. E. Ward, ROom 1679, 230 S. 
Clark St., Chicago, Ill. 

Cincinnati H. C. Blackwell E. S. Fields, Union Gas & Electric 
Co., Cincinnati, Ohio 

Cleveland Chester L. Dows J. F. Schnable, 3503 Mapledale 
Ave., Cleveland, Ohio 

Columbus R. J. B. Feather W. T. Schumaker,25 % North High 
St., Columbus, Ohio 

Connecticut A. A. Packard A. E. Knowlton, Dunham Labora- 
tory, Yale University, New 
Haven, Conn. 

Denver V. L. Board R. B. Bonney, Telephone Building, 


P. O. Box 960, Denver, Colo. 


Name Chairman Secretary 
Detroit-Ann Arbor G. B. McCabe Harold Cole, Detroit Edison Co., 
2000 Second Ave., Detroit, 
Mich. 
Erie H. J. Hansen L. H. Curtis, General Electric Co., 
Erie, Pa. 
Fort Wayne E. L. Gaines D. W. Merchant, General Electric 


Co., Fort Wayne, Ind. 


J. B. Bailey, 48 Monument Circle, 
Indianapolis, Ind. 


Indianapolis-Lafayette H. M. Anthony 


Ithaca J. G. Pertsch, Jr. Geo. F. Bason, Cornell University, 
Ithaca, N. Y. 

Kansas City R. L. Baldwin S. M. DeCamp, 510 Dwight Bldg., 
Kansas City, Mo. 

Lehigh Valley W. H. Lesser G. W. Brooks, Pennsylvania 


Sua & Light Co., Allentown, 
Sp 


Los Angeles R. A. Hopkins R. E. Cunningham, 1725 Camden 


Ave., So. Pasadena, Calif. 


Lynn E. D. Dickinson F. S. Jones, General Electric Co., 


Lynn, Mass. 
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LIST OF SECTIONS—Continued 
Name Chairman Secretary Name Chairman Secretary 
“ a EE —————E——————— 
Madison L. E. A. Kelso Leo J. Peters, University of Schenectady W. J. Davis, Jr. W. E. Saupe, Bldg. No. 41, 
Wisconsin, Madison, Wis. General Electric Co., Schenec- 
Mexico E. F. Lopez H. Larralde, Isabel La Catolica, tady, N. Y. 
33 Mexico, D. F., Mexico Seattle E. A. Loew C._ E. Mong, 505 Telephone 
Milwaukee H. R. Huntley L. F. Seybold, 446 Public Service Building, Seattle, Wash. 
Building, Milwaukee, Wis. Sharon W. M. Dann L. H. Hill, Westinghouse Elec. & 
Minnesota A. G. Dewars Jie Ae a ene a ede! Mfg. Co., Sharon, Pa. 
uilding, Minneapolis, Minn. ee - 
Nebraska O. J. Ferguson Cc. W. Manard, bod Hisgirig Build- Southern Virginia W. S. Rodman J. Tt a Rockbridge 
ing, Omaha, Neb. : . 
New York H. A. Kidder H. V. Bozell, Bonbright & Co., Spokane G. S. Covey Rehard 7 ee ee 
ae etaesee St., New York, Trent, Spokane, Waste 
Niagara Frontier J. Allen Johnson A. W. Underhill, Jr.,606 Lafayette Springfield, Mass. R. P. King J. Frank Murray, 251 Wilbraham 
Building, Buffalo, N. Y. Ave., Springfield, Mass. 
Oklahom ERs C. C. Stewart, lahoma Gas & i 
as ees Bice Co., Noonan Okla. Syracuse Wi Cs Beene ¢ Ra Meade Yon ps presets 
Panama L. W. Parsons I. F. Mcllhenny, Box 413, Balboa Syracuse, N. Y 
Heights, C. Z. Toledo A. H. Stebbins Max Neuber, 1257 Fernwood Ave., 
Philadelphia Nathan Shute R. H. Silbert, 2301 Market St., Toledo, Ohio 
Philadelphia, Pa. Toronto L. B. Chubbuck W. L. Amos, Hydro-Elec. Power 
Pittsburgh G. S. Humphrey W. C. Goodwin, Westinghouse Commission, 190 University Ave., 
Elec. & Mfg. Co., East Pitts- Toronto, Ont. 
burgh, Pa. Urbana C. A. Keener J. T. Tykociner, 300 Electrical 
Pittsfield E. D. Eby C. H. Kline, General Electric Co., Laboratory, University of IIli- 
Pittsfield, Mass. nois, Urbana, Ill. 
Portland, Ore, L. W. Ross . C. Henkle, wthorne Building, : 
organs Oi oe mae tah Joh Salbers° = S°P ce Bor 1100, Salt Lacs Cay, 
Providence W. P. Field F. N. Toa kiss, Bown Univer- Utah. 
sity, Providence, K. lL. : S és 
Rochester A. E. Soderholm Earl C. Karker, Mechanics Insti. Vancouver A. Vilstrap iz. ee: CE Oe ee 
tute, Rochester, N. Y. Becesln Mel 4 
St. Louis Fred D. Lyon Ralt TD oerela 311 City Hall, Waahinglon DIC; ARE orn it & Reed, Potomac Elec. br. 
San Francisco R. C. Powell A. G. Jones, 807 Rialto Building, Washington, D.C. 
San Francisco, Cait: Worcester E. T. Harrop Fred B. Crosby, 15 Belmont St., 
Saskatchewan E. W. Bull W.P. Brattle, Dept.of Telephones, Worcester, Mass. 
Parliament Bldgs.,Regina,Sask. Total 51 
LIST OF BRANCHES 
Counselor 
Name and Location Chairman Secretary (Member of Faculty) 
AlabamarPolytechnic-lnstitute, Auburn, Alaws s. +2 <cise bares ce case eee nts mee J. D. Stewart I. L. Knox W. W. Hill 
Alabama University of; University, Alam. sere a cee ieee C. E. Rankin Sewell St. John 
ALIZONan Universitynor,DiwcsOmn Ariza.) oe en en eR omen a ie eee ieee C. A. Rollins J. W. Cruse Paul Cloke 
ATKANSASMUMUVErSiItyZOfs avietteville AT lcspeme er oe aerin rn eran ans eae meen er en R. McFarland J. Demarke W. B. Stelzner 
ATMOUTINStitn telommechnology, Chicago, lll ammeter oem ioe eeimers H. J. Prebensen W. A. Dean D. P. Moreton 
Brooklyn Polytechnic Institute; Brooklyn, Ne Vectees-. oes sneee see eeeee eee J. C. Arnell J. H. Diercks Robin Beach 
BUcknelyUNiversitysvewishurg, lane wae sais aaeee eel Emenee oe een T. J. Miers C. A. Rosencrans W. K. Rhodes 
California Institute of Technology, Pasadena, Calif...............0.0 cece eee W. A. Lewis A. E. Schueler R. W. Sorensen 
California wUniversitycor,iberkeley | Calitien oc. eo aie eae ee oe eee C. F. Dalziel R. S. Briggs T. C. McFarland 
Carnegie Institute of Technology, Pittsburgh, Pa...........<..cs+.-+++e+e+sss G, L. LeBaron H. E. Ashworth B. C. Dennison 
GCaserschooliotsApolied Sciences Cleveland) O.pe.te se eee nee ees C. A. Baldwin A. B. Anderson H. B. Dates 
Catholic University of America, Washington, D. C..............eeccercceccee B. J. Kroeger J. E. O’Brien T. J. MacKavanaugh 
Cincinnati University of.) Cincinnatin Onsen sa en ane eee ier ante eee F. Sanford W. C. Osterbrock W. C. Osterbrock 
Clarkson’ College of Technology, Potsdam, N. Y..........0c.0cewercesnaerees W. R. MacGregor L. G. Carney A. R. Powers 
Clemson Agricultural College, Clemson College, S. C........... eee cece veces B. V. Martin W. H. Sudlow S. R. Rhodes 
Colorado State Agricultural College, Ft. Collins, Colo...........0..eeceeecees C. O. Nelson D. W. Asay 
ColoradomUniversity of, Boulder, Colo. .aaac scans ect eee O. V. Miller L. E. Swedlund W. C. DuVall 
Cooper Unions New onc Ww Nic Ve tet a5 helt ac a A he ea Pea chars eae F. H. Miller H. T. Wilhelm Norman L. Towle 
Denver su niversityior emer Colom aero teen eee eee Harold Henson Allea Ohlson R. E. Nyswander 
Drexelelnstitutespitladelphtam Paras oc. oa seen eee aoe ee ee ee E. B. Middleton W.N. Richards E. O. Lange 
Hioridd wUniVersity, of) Gainesville: Plane .4.cun adesinin seman eee eee O. B. Turbyfill R. Theo. Lundy J. M. Weil 
Georgia School of Technology, Atlanta, Ga........... Wing aeveneray stele alahs, Seas heteSGRS W. M. McGraw F. L. Kaestle E. S. Hannaford 
idaho wu niversitysotmVloscow sldahno mental en eine erento R. C. Beam James Gartin J. H. Johnson 
HowagstaterCollecewAmes wl Owanaa-i coc oer iene A ee P. E. Benner H. J. Biddulph F. A. Fish 
TowarsU niversitysor slowanCitys Mowe wena oiler cece merci neti ene L. Dimond A. C. Boeke A. H. Ford 
Kansasistateacollege a Manhattam,. Kanaan erence nent aera A. M. Young John Yost C. E.. Reid 
KansaswUniversity ory Lawrence, Kansas seme na cen ane ee K. R. Krehbiel K. B. Clark G. C. Shaad 
LNG ve OATS Ay OF ILA Obey KG ns oe ag ouenedceapnnondosaneebenas J. A. Weingartner C. E. Albert 
atayetteiColleg ewiast otim Danni ise ae ern en aoe eee A. H. Gabert F. G. Keim Morland King 
Pe tighnUniversityombethlehet,. Pater eee nya een ene a F. G. Kear J. H. Shuhart J. L. Beaver 
Lewis BNStLCU Te SAC hice Onl een utes cep eee ee O. D. Westerberg R. G. Raymond F. A. Rogers 
WIE. UCN Oi Oramos WIS: 6 oo caombcanaskemounosuntananoeodeucas sabes S. B. Coleman H. S. McPhee W. E. Barrows, Jr. 
MarquettesUniversity, milwaukee, Wis sss mere encmeee ie nee isan reennnennG C. H. Legler M. J. Smith J. F. H. Douglas 
Massachusetts Institute of Technology, Cambridge, Mass.................--. Stuart John H. W. Geyer W. H. Timbie 
MichiganiStatelCollecesMastalbansing aaa ireaieeieie aki ine eaten nl nna H. C. Roberts R. A. Bailey L. S. Foltz 
Michigan, University of,Ann Anbor) Mich s... 4.4.40... oeeeo eee oeeeene M. H. Nelson S. L. Burgwin B. F. Bailey 
Milwaukee, Engineering School of, Milwatkeey Wisco als ete euur oe cee S. A. Moore B. J. Chromy B.A. Boree 
Minnesota, Universitysof,. Minneapolis w Vinee ey ene eee ane ena ene R. L. Christen A. A. Lee H. Kuhlmann 
Missouri, LDpivicrasinrarey Colbiodoser WhO. sn6enddoasudsoannaaavaseaudeccueauga M. P. Weinbach L. Spraragen M. P. Weinbach 
Missouri School of Mines and Metallurgy, Rolla, Mo...........++e0eeeeeeee W. J. Maulder R. P. Baumgartner I. H. Lovett 
Montana State/College; Bozeman, Mont..,......04.....0..000.,005500. 0 sae T. A. Van Noy J. A. Thaler J. A. Thaler 
AA Th ot oad Wee sai eeerrpe BOR Oro Rem MOR aS Oe oe Hee - Worrest Cail Madsen F. W. Norris 
ft, STUN GVicipaconuiettete: svatardusrecsraca etene.a vals toliaeste aroha ae Perea Cee eorge Fairbrother Cornelius Fort S. G. Palmer 
New York, College of the City of, New York, N. V........c.ceeccucccecceues J. Wilson J. Leipziger Harry Baum 


NewexorkUniversity, New orca: «Varese em ten ei een ne W.R. Steeneck 


H. A. Weber 


J. Loring Arnold 
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LIST OF BRANCHES— Continued 
Counselor 
Name and Location Chairman Secretary (Member of Faculty) 

Worthi€arolinaStaterCollege; Raleigh, Nar ©nec cc sists oedisiscis cece coe cess ss F. P. Dickens H. Baum Ga Gs, Cox 
WorthiCarolinaywUniversity.ofs Chapel ETill ccjayieieiccie Sucteierevars, Havsiexe ioleohcheyareteress avert M. L. Murchison D. M. Holshouser P. H. Daggett 
North Dakota, University, of, University. .aicsccc ses eoe se se saceecamencces Vi. 1 Cox O. B. Medalen D. R. Jenkins 
Northeastern University, boston, Mass. si, ces tie celacie casein dc auee eee. F. W. Morley Ln Catyacls W. L. Smith 
NotresDame, University of, Notre Damen indicts vests sve oe oe orice erase ee C. A. Rogge J. T. Burton J. A. Caparo 
OniopNonthernsUniversityssAda, Ohio anise erieie cules clon cies sedition ewe watee M. Heft P. W. Wadsworth 
OhlowstacevUniversity, Columbus, Ob jemccenics ce visite sissies won cie eyed camens Lee P. Doyle J. S. Hoddy F. C. Caldwell 
OHO Niversityse athens: | Obioumacnm aa arrelet semccin eels g vale watiae seine eos aes N. R. Smith J. E. Quick A. A. Atkinson 
OklahomarAy @ Mc iColleges Stillwater,) Okla. ¢ ..ac sass oh cclccecews saseweus W. J. Beckett . Lee Rogers Edwin Kurtz 
OklahomasiUniversity of Normans Oldaan ty. ema stasncice ctienie fa elhiels ofs edi =) F. O. Bond E. F.. Durbeck, Jr. F. G. Tappan 
OregontAgricultural College. Convallis; Ore... .ceccceeecccace vee «es ena sete ean H. E. Rhoads B. E. Plowman F. O. McMillan 
Pennsylvania State College, State College, Pa......... ss cccescvevsecuccssecs W. L. Kochler J. E. Hogan L. A. Doggett 
Pennsylvania, University-of, Philadelphia: .2 sue ceea cece Case siss Oh ces cass ele J. P. Lukens J. G. Haydock C. D. Fawcett 
Pittsburgh, University of, Pittsburgh, Paca. sees sec« aise decades ovens ne otawene S. A. Swetonic L. M. Brush H. E. Dyche 
PurdueiUniversityavatayettes indery,.m sire niisic sets enieba crane averansia ca cus ee ab teustens A. Howard T. B. Holliday A. N. Topping 
Rensselaer polytechnic Pnstitutes: DroyieNo Vic neue sio1cseeli erate apeichearoys euecen oe F. M. Sebast K. C. Wilsey F. M. Sebast 
RHOdesiandustate (College; Kangston. BR. Dog dea ca aaieioete cisterebaaaiavivonsie octatana D. B. Brown S. J. Bragg Wm. Anderson 
Rose: PolytéechniciInstitute, Terre Haute, Ind s.cacteeccocbsccasn ewes s denen Je pel, hk E. Letsinger C. C. Knipmeyer 
RutgerssUniversity, New Brunswick.) Nia Jiccce td eek vaso ernned ae anes ner ee Stanley Hunt S. B. Aylsworth F. F. Thompson 
South Dakota State School of Mines, Rapid City, S. D..................005. J. V. Walrod C. Allen J. O. Kammerman 
South Dakota; Umiversitysof, Vertmillion, SO: Diiecesis accme osveseya ove ois oa onie soe 04 L. J. Stverak R. T. Brackett B. B. Brackett 
Southern California, University of, Los Angeles, Calif............ 0.00 seve eee J. H. Shideler E. E. Smith C. E. Guse 
Stasford University, stantord University, Calif... a8 ccc. cc cet boca oe F. E. Crever C. R. Walling H. H. Henline 
Stevens institute of Technology, Hoboken, ‘Ni Jiccu.css Gesicansateraos et eee D. B. Wesstrom Gene Witham Frank C. Stockwell 
Swarthmore College jowarbhmoren PA saves a tvaei oajthavs be 6) syaave eva cvasle & yaaa Ploake Jas. Donal, Ir: R. W. Lafore Lewis Fussell 
SULACHSCMUMIVERSITVs OVTACUSE, WIN: Vocyec a) c/n ewes farsie rn ctiaiic. aberaie! a ie'é) ouetoeo-syoveroare 4 ees K. N. Cook R. H. Watkins C. W. Henderson 
LOnNnReSSee WU TIVersity Of, Knoxville, TENN: 2.0.00 ck ca acs occa mvieese® wisps seit D. H. Sneed H. B. Shultz Charles A. Perkins 
TexastA:, & M-(College, College'Station, Texas...... 50.0.6 0.00. 000008 sesseur L. H. Cardwell C. A. Altenbern F. C. Bolton 
GXAS MUMIVETSILVLOL AIS LITINa OW hetero iad suet ans iat sealeteees ko cae wi fiaoers Be evade A. B. Atkinson T. S. Gray J. A. Correll 
Utah wu niversityot, ait ake: City, Uibah cove om weutieeusrciee a ince eusva. 4, sh Preene sne BR. (Cu Bates C. E. Hoffman J. F. Merrill 
Wirginiaviisitary institute, wexington,. Va. «acct vice aie 4 ave Cares Geeiersis tues E. T. Morris . J. H. Diuguid S. W. Anderson 
Nireiniaweolytechnic Institute, Blacksburg, Vain. scwasvoue aisles can ae avence ae alanine M. R. Staley R. M. Hutcheson Claudius Lee 
Wir cinta UniVersityiOlsnUiviersity;= Veins jcc Mg hye recat Aa Fs huss Aue. nua ave, Som Bren coloprtse T. M. Linville H. M. Dixon, Jr. W. S. Rodman 
Washington, State College of; Pullman, Wash. ..2.0. 60sec eee neme se en eee E. L. Clark Harry Meahl H. V. Carpenter 
Wiashine (ona miVversityvot lois walO got) Beereke ts © cosis Ghats > speacehinn cca Srrsieie oa oe W. W. Bracken S. E. Newhouse, Jr H. G. Hake 
Wiashineoton, University Of, (Seattle, WaASD ccc scetephe os od susnrs ole wis wines eae M. E. Johnson C. M. Murray, Jr. George S. Smith 
Washington and Lee University, Lexington, Va.............--02-2 +e D. S. McCorkle C. M. Wood R. W. Dickey 
Wiest.Virginia University, Morgantown "We Viale scnc ce oc cise cree ae sale oetoa a R. W. Beardslee W. F. Davis A. H. Forman 
Wisconsin, University: Of, wladisonm, Waist. ci... susndsien eo chotelue ounces ons ehdie te cutive a viene Benj. Teare N. B. Thayer C. M. Jansky 
Worcester Polytechnic Institute, Worcester, Mass........... 0.00 e eee ee ee eeee D. A. Calder C. H. Kauke H. A. Maxfield 
Wyoming. University of, Waramie, Wy Oriscisdcreis sue ore cla vvispeist rapes on ser aus Soest ae, oi E. Murray V. D. Shinbur G. H. Sechrist 
WalevUmversity. NCW ELAVeMs COMME ores ceca ese. core wie crejenaceboyereta, ancisie are Wea sha dus as ene S. A. Tucker G. C. Bailey Charles F. Scott 


Total 87 


INSTITUTE AND RELATED ACTIVITIES 
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NEW CATALOGUES AND OTHER PUBLICATIONS 
Mailed to interested readers by issuing companies 


Regulators.—Bulletin 1734, 56 pp. Describes regulators 
for generator-voltage control. Westinghouse Electric & Manu- 
facturing Company, East Pittsburgh, Pa. 

Transformers.—Bulletin 2055, 4 pp. Deseribes the con- 
struction and operation of the Pittsburgh transformer tap 
changer. Pittsburgh Transformer Company, Columbus & 
Preble Avenues, Pittsburgh, Pa. 

Static Condensers.—Bulletin 20286, 4 pp. Describes 
static condensers for power factor correction on motor circuits 
of 220, 440, and 550 volts. Westinghouse Electric & Manu- 
facturing Company, East Pittsburgh, Pa. 

Grounds.—Bulletin, 8 pp., ‘‘Electrical Characteristics of 
Driven Grounds;”’ bulletin, 4 pp., ““Non-Rusting Ground Rods;” 
bulletin, 4 pp., ‘“Non-Rusting Overhead Ground Wires.” Cop- 
perweld Steel Company, Rankin, Pa. 

Circuit Breaker Time Limit Attachments. Bulletin 530, 
supplement, 4 pp. Describes Roller-Smith direct-acting time 
limit attachments for standard type circuit breakers. Roller- 
Smith Company, 12 Park Place, New York. 

Insulator Protection.—Bulletin, 32 pp., “‘Taking the 
‘T’ Out of Lightning.’’ Deseribes Locke grading shield and 


arcing horn equipment for the protection of insulators. Locke 
Insulator Corporation, Baltimore, Md. 
Power Factor Correction.—Bulletin 146, 24 pp., ‘‘Power 


Factor Correction by the Consumer.’’ Describes the experience 
of the American Gas & Electric Company with power factor 
correction. Wagner Electric Corporation, St. Louis, Mo. 


NOTES OF THE INDUSTRY 


The Master Electric Company, Dayton, Ohio, announces 
the opening of a district office at 1725 Brandywine Street, 
Philadelphia, where a stock of motors will be carried. The new 
office will be in charge of William F. Grau. 


Lapp Insulator Co., Inc., LeRoy, N. Y., announces the 
appointment of the Van Rosen Company, 141 Milk Street, 
Boston, as representative for the New England territory. The 
Van Rosen Company also represents the Delta-Star Electric 
Company and the Packard Electric Company. 

The Timken Roller Bearing Company, Canton, Ohio, has 
promoted G. W. Curtis from industrial equipment engineer to 
district manager of sales, industrial division, for the Milwaukee 
territory. Mr. Curtis will work with R. W. Ballentine, who 
previously handled this territory. S. M. Weckstein succeeds 
Mr. Curtis as industrial equipment engineer. 


The Sangamo Electric Company, Springfield, Tll., 
announces the appointment of Reginal M. Campbell, special 
representative, with headquarters at 50 Church Street, New 
York, who will have complete management of all watthour meter 
business in the metropolitan district. Mr. Campbell will be 
assisted by W. S. Boult. T. B. Rhoades will continue in charge 
of radio and amperehour meter sales as well as of the service 
department. 


The Burndy Engineering Company, New York, manu- 
facturers of high-tension bus equipment, announces the appoint- 
ment of the H. M. Thomas Company, San Francisco, as Cali- 
fornia representative. The growth of business in the field, and 
the necessity of quick action in the filling of orders, led to the 
appointment of a special representative. Preparations are 
being considered to warehouse the standard Burndy line of 
connectors for copper tubing and cable in San Francisco, thus 
establishing a quick shipping point for the west coast. 


Banks Huge Investors in Electric Utilities.—In the first 
four months of this year the financial institutions of the United 
States, which includes insurance companies, savings banks, 
national and state banks and trust companies, invested more 
than $427,000,000 in the bonds of the electric utility imdustry. 
In the same four months more than $68,000,000 of electric 
utility shares were sold to the public. That total of $495,000,000 
invested in the electric industry does not include many millions 
of dollars of securities distributed through the customer-owner 
plan. The total electric utility stock and bond issues from 
June 1, 1925 to May 1, 1926, was $979,000,000. 


The Conowingo Project—Giant of Hydroelectric De- 
velopments.— Second only to that of the Niagara Falls Power 
Company, and surpassing Muscle Shoals, will be the enormous 
hydroelectric plant which is being built by Stone and Webster for 
the Philadelphia Electric Power Company on the Susquehanna 
River, within four miles of tidewater in the state of Maryland. 
A dam 4800 feet long—three hundred feet longer than the 
Muscle Shoals dam—is being built across the river to form a 
reservoir of 8100 acres. The impounded water will drive water- 
wheel-driven electric generators of large size, and the energy will 
be sent over high voltage transmission lines into Philadelphia, 
75 miles away. 

Ultimately this hydroelectric station will contain 11 gener- 
ators, each rated at 50,000 horse power, or 36,000 
kilowatts. The initial installation will include seven of 
these units, giving the station 350,000 horse power; the Niagara 
Falls Power Company development produces 452,500 horse 
power, and Muscle Shoals 260,000 horse power. Four of the 
huge waterwheel-driven generators for Conowingo are now being 
made by the General Electric Company. They are technically 
rated at 40,000 kilovolt-amperes, 90 per cent power factor, and 
13,800 volts, with a speed of 81.8 revolutions per minute. It is 
expected that 1,360,000,000 kilowatt-hours of energy will be 
produced by the Conowingo plant in the average year; three- 
quarters of a million tons of coal a year will be saved thereby. 


The electric current, ‘produced by the generators at 13,800 
volts, will be stepped up to 220,000 volts by transformers and at 
this pressure sent over two transmission lines to Philadelphia. 
Each line will have sufficient capacity to carry the full load in 
case of trouble with the other one. When the final four genera- 
tors are added to the power station, a third transmission line will 
be constructed. 

The Conowingo hydroelectric development will be coordinated 
with the great steam-turbine generating plants of the company 
so that the water power will be used to supply the base load of 
the system when the flow of the river is ample, and the steam 
stations to supply the peak load. When the river flow is low, 
the steam stations will be used for carrying the base load, and the 
water power will be called upon only for peak loads. When the 
river flow is sufficient for full operation, Conowingo will supply 
231,000 kilowatts for base load; when the river is low, the enor- 
mous reservoir will be called upon, and statistics covering a 
period of 35 years show that in the driest period of the year 
Conowingo will be able to supply 190,000 kilowatts for peak 
loads. 


Construction of the 8100-acre reservoir means that the little 
town of Conowingo, with 200 inhabitants, must-be abandoned; 
fifteen miles of a line of the Pennsylvania Railroad must be 
relocated; and five miles of main highway from Baltimore to 
Philadelphia must be built, with a bridge over the dam to re- 
place the one which will be submerged. 


The Susquehanna watershed of 27,000 square miles includes a 
large part of the central section of Pennsylvania, considerable of 
southern New York state, and a bit of northeastern Maryland. 
The average river flow is 40,000 cubic feet per second. 


